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SUMMARY
F l o t a t i o n ,  i s  a  means by  which  p a r t i c l e s  o f  m i n e r a l  
can  be c o l l e c t e d  from t h e  s u r f a c e  o f  a  l i q u i d  p u l p  of  
c r u s h e d  o r e .  I t  i s  t o d a y  a  h i g h l y  a d a p t a b l e  p r o c e s s  
t r e a t i n g  i n c a l c u l a b l e  t o n n a g e s  o f  o r e ,  b u t  t h e  f i r s t  
s m a l l  f l o t a t i o n  p l a n t  was b u i l t  a t  t h e  G l a s d i r  c o p p e r  
mine i n  n o r t h  Wales d u r i n g  1897 by  t h e  b r o t h e r s  F r a n k  
and S t a n l e y  E lm o r e .  O th e r  m ethods  w ere  d e v e l o p e d  a t  t h e  
m ines  o f  B ro k e n  H i l l ,  Hew S o u th  W ales ,  t h e n  u r g e n t l y  
n e e d i n g  a  means o f  c o n c e n t r a t i n g  z i n c  o r e s .  Most 
s u c c e s s f u l  was t h e  f r o t h i n g  p r o c e s s  d e v i s e d  by  
M i n e r a l s  S e p a r a t i o n  L t d .  T h i s  was c h a l l e n g e d  i n  c o u r t  
by  t h e  E lm o res  who c la im e d  i t  i n f r i n g e d  t h e i r  p a t e n t s ,  
b u t  by  1914 M i n e r a l s  S e p a r a t i o n  emerged v i c t o r i o u s .
By t h e n  means o f  p r e f e r e n t i a l  f l o t a t i o n  were  b e i n g  
d e v i s e d  w hereby  one m i n e r a l  c o u ld  be s e p a r a t e d  from 
a n o t h e r  a s  w e l l  a s  from w a s t e .  F l o t a t i o n  h a d  a l s o  
a p r e a d  t o  t h e  U n i t e d  S t a t e s  where  v a s t  r e s e r v e s  o f  o re  
c o u ld  be t r e a t e d  o n l y  by t h e  new p r o c e s s .  I n  f u r t h e r  
l i t i g a t i o n  M i n e r a l s  S e p a r a t i o n  p r o v e d  i n f r i n g e m e n t  o f  
p a t e n t s  by  s e v e r a l  A m erican  m in in g  c o m p a n ie s .  T h i s  
s t r e n g t h e n e d  t h e i r  p a t e n t  monopoly  w h i l e  o t h e r s  
worked t o  d e v e lo p  p r o c e s s e s  o u t s i d e  o f  i t .
The E lm o re s  h a d  by 1920 no more c o n n e c t i o n  w i t h  
f l o t a t i o n ,  b u t  t h e  p r o c e s s  h a d  a l r e a d y  become i n d i s -  
p e n s i b l e  t o  t h e  w o r l d ' s  m in in g  i n d u s t r y .  T h e i r  r o l e  
h ad  b e e n  t o  p r o v e  t o  t h a t  same d o u b t i n g  i n d u s t r y  
t h a t  f l o t a t i o n  c o u ld  be made t o  work a t  a l l .
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mm
Thomas A. R i c k a r d
As no p h o t o g r a p h s  have  come t o  l i g h t  showing F ra n k  or  
S t a n l e y  E lm o re ,  i t  i s  a p p r o p r i a t e  t o  i n c l u d e  h e r e  a  
p o r t r a i t  o f  Thomas R i c k a r d ,  m in in g  e n g i n e e r ,  a u t h o r ,  
and e d i t o r  of t e c h n i c a l  j o u r n a l s .  He d id  much t o  
s p r e a d  knowledge of  t h e  new f l o t a t i o n  p r o c e s s  i n  t h e  
e a r l y  t w e n t i e t h  c e n t u r y  and i n  so do ing  p l a c e d  on 
r e c o r d  much of  i t s  e a r l y  h i s t o r y .  T h i s  p h o to g r a p h  
v/as t a k e n  i n  1909.
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PREFACE
The E lm ores  a r e  o f t e n  c r e d i t e d  i n  h i s t o r i e s  o f  m in i n g  
w i t h  d e v i s i n g  t h e  f i r s t  e f f e c t i v e  m ethod  o f  c o n c e n ­
t r a t i n g  s u l p h i d e  m i n e r a l s  by  f l o t a t i o n .  T h i s  s t u d y  
a r o s e  from a  d e s i r e  t o  know more of  F r a n k  E l m o r e ' s  
p i o n e e r i n g  work a t  t h e  G l a s d i r  c o p p e r  mine i n  n o r t h  
W ales  and how i t  r e l a t e d  t o  t h e  d e v e lo p m e n t  o f  
co m m erc ia l  f l o t a t i o n  p r o c e s s e s .
F a c i l i t i e s  f o r  r e s e a r c h  h a v e  b e e n  p r o v i d e d  by  a  
number o f  l i b r a r i e s  and o t h e r  b o d i e s ,  and my t h a n k s  
go p a r t i c u l a r l y  t o  t h e  s t a f f s  o f  t h e  S c i e n c e  R e f e r e n c e  
L i b r a r y  a t  t h e  P a t e n t  O f f i c e ,  London, t h e  S c i e n c e  
Museum L i b r a r y  and t h e  L i b r a r y  of  t h e  I n s t i t u t e  o f  
G e o l o g i c a l  S c i e n c e s  i n  S o u th  K e n s i n g t o n ,  and t h e  
P u b l i c  R e c o rd  O f f i c e  a t  Kew.
V a l u a b l e  h e l p  h a s  a l s o  b e e n  p r o v i d e d  by  t h e  
s e c r e t a r y ,  M.L. J o n e s ,  and s t a f f  o f  t h e  I n s t i t u t i o n  
o f  M in ing  and M e t a l l u r g y ;  A .E.  K i l b y ,  D epu ty  S e c r e t a r y  
o f  t h e  S o c i e t y  o f  C hemica l  I n d u s t r y ;  J .  T r o u n c e r  o f  t h e  
I n s t i t u t e  o f  C h a r t e r e d  S e c r e t a r i e s  and A d m i n i s t r a t o r s ;  
K.G. McKenna o f  t h e  Law S o c i e t y ;  and Mr R og e r  J .  
S p u r l i n g  o f  M e ss r s  S t o n e s  P o r t e r  & C o . ,  s o l i c i t o r s ,  
F a r r i n g d o n  S t r e e t ,  London.  I  would  a l s o  t h a n k  Mr D y lan  
N. J o n e s  and o t h e r s  from t h e  s t a f f  o f  t h e  Gwynedd 
A r c h i v e s  S e r v i c e ,  M e r i o n e t h  R e c o r d  O f f i c e ,  D o l g e l l a u ;  
Mrs A. Heap ,  L o c a l  H i s t o r y  L i b r a r i a n  a t  L eeds  C e n t r a l  
L i b r a r y ;  and W .J .  Connor o f  Leeds  D i s t r i c t  A r c h i v e s .
- X -
L a s t l y  and most  i m p o r t a n t l y  I  must  t h a n k  
Dr R .A.  Buchanan  f o r  h i s  m ost  h e l p f u l  s u p e r v i s i o n  
and  a d v i c e  t h r o u g h o u t  t h i s  p r o j e c t .
P e t e r  R . J e n k i n s  1985
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Fl o t a t i o n  -  An I n t r o d u c t i o n
I t  would h ave  b e e n  d i f f i c u l t  t o  c o n v in c e  a  s o b e r ,  
e x p e r i e n c e d  m in in g  e n g i n e e r  o f  t h e  l a t t e r  n i n e t e e n t h  
c e n t u r y  t h a t  he  m igh t  l i v e  t o  s e e  g a s  b u b b l e s  become 
v i t a l  t o  h i s  i n d u s t r y .  M e t a l s  h a d  b e e n  mined and u s e d  
f o r  a t  l e a s t  f o u r  t h o u s a n d  y e a r s ,  b u t  t h e  m e th od s  o f  
p r e p a r i n g  m i n e r a l  o r e s  f o r  t h e  f u r n a c e  h ad  changed  
l i t t l e  i n  p r i n c i p l e  i n  a l l  t h a t  t i m e .  However ,  t h e  
h a r n e s s i n g  o f  b u b b l e s  t h r o u g h  t h e  d e v e lo p m e n t  i n  t h e  
e a r l y  y e a r s  o f  t h e  t w e n t i e t h  c e n t u r y  of  a  r a n g e  of  
p r o c e s s e s  known c o l l e c t i v e l y  a s  f l o t a t i o n  h e l p e d  
t o  r e v o l u t i o n i s e  t h e  w o r l d ’ s m in in g  i n d u s t r y .
F l o t a t i o n  h a s  b e e n  d e v e lo p e d  as  a  h i g h l y  a d a p t a b l e  
p r o c e s s  c a p a b le  o f  r e c o v e r i n g  m i n e r a l s  from o r e s  w h ich  
a  c e n t u r y  ago would have  b e e n  c o n s i d e r e d  t o o  p o o r  t o  
be  mined p r o f i t a b l y .  When a  m i n e r a l  o c c u r s  a s  s m a l l  
p a r t i c l e s  s p r e a d  w i d e l y  t h r o u g h  r o c k ,  i t  m ust  be 
c r u s h e d  f i n e l y  t o  f r e e  th em .  G r i n d i n g  w i t h  w a t e r  t o  
fo rm  a  s l u r r y  o r  ’ o re  p u l p ’ from which  h e a v i e r  m i n e r a l  
p a r t i c l e s  c o u ld  be made t o  s e t t l e  o u t  from among t h e  
l i g h t e r  r o c k y  ones  was t h e  t r a d i t i o n a l  p r a c t i c e ,  b u t  
s u c h  m e c h a n i c a l  o r  ’ g r a v i t y ’ s e p a r a t i o n  becomes more 
d i f f i c u l t  w i t h  s m a l l e r  s i z e s  o f  p a r t i c l e .  The f i n e s t  
o f  a l l  form s l i m e s  from w h ich  i t  i s  d i f f i c u l t  t o  e x t r a c t  
any  s o l i d s  o u t  o f  s u s p e n s i o n ,  and f r e q u e n t l y  t h e  l o s s  of  
m i n e r a l  w i t h  s l im e  c o u ld  mean t h e  d i f f e r e n c e  b e tw e e n
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p r o f i t  and l o s s  a t  a  m in e .  G r a v i t y  s e p a r a t i o n  was 
im prov ed  and new t e c h n i q u e s  were  t r i e d ,  h u t  i t  was t h e  
f l o t a t i o n  p r o c e s s ,  e x p l o i t i n g  s u r f a c e  t e n s i o n  o r  t h e  
t e n d e n c y  o f  some m i n e r a l s  t o  r e p e l l  w a t e r  from t h e i r  
s u r f a c e ,  t h a t  p r o v e d  e v e n t u a l l y  a  s p e c t a c u l a r  s u c c e s s .
A l th o u g h  many w o r k e r s  t r i e d  t o  p r o d u c e  such  a  
p r o c e s s ,  i t  was F r a n k  Elmore  v/ho d e v e lo p e d  and p u t  i n t o  
o p e r a t i o n  t h e  f i r s t  p r a c t i c a l  f l o t a t i o n  p l a n t  a t  t h e  
G l a s d i r  c o p p e r  mine i n  n o r t h  W ales .  E lmore  was a  
s k i l l e d  e n g i n e e r  w i t h  a  t a l e n t  f o r  i n n o v a t i o n .  When h i s  
f a t h e r  i n v e s t e d  money i n  t h e  G l a s d i r  mine F r a n k  f i r s t  
s o u g h t  t o  im prove  t h e  e x i s t i n g  m ethods  o f  o re  c o n ce n ­
t r a t i o n ,  h u t  soon  a d o p te d  t h e  n o t i o n  o f  u s i n g  a  h e avy  
m i n e r a l  o i l  t o  c o l l e c t  c o p p e r  s u l p h i d e s  and a f t e r  much 
e x p e r i m e n t a t i o n  he d e v e lo p e d  a  w o r k a b le  p r o c e s s .  T h e re  
were  s u g g e s t i o n s  t h a t  E lmore  had  b u i l t  on t h e  work of  
o t h e r s ,  b u t  no one b e f o r e  h a d  s u c c e e d e d  i n  o p e r a t i n g  
f l o t a t i o n  on a  com m erc ia l  s c a l e  and  i t  i s  t o  F r a n k  
E lm ore  t h a t  c r e d i t  f o r  t h i s  b e l o n g s .
D u r in g  t h e  e a r l y  y e a r s  o f  t h e  t w e n t i e t h  c e n t u r y  
c o m m e r c i a l l y  p r o d u c e d  m a c h in e r y  was i n s t a l l e d  a t  
s e v e r a l  m in e s ,  a c h i e v i n g  good r e s u l t s  a t  l o c a t i o n s  as  
f a r  a p a r t  a s  Norway and A u s t r a l i a ,  b u t  a t  t h e  same t im e  
a  new and more a m b i t i o u s  form o f  f l o t a t i o n  was b e i n g  
d e v e l o p e d .  I n  1902 A l c id e  F rom en t  d e m o n s t r a t e d  i n  I t a l y  
t h a t  g a s  b u b b l e s  c o u ld  be u s e d  t o  l i f t  o i l e d  p a r t i c l e s  
of  s u l p h i d e  m i n e r a l s  from s u s p e n s i o n .  F o u r  y e a r s  l a t e r  
t h e  c o n s u l t i n g  m e t a l l u r g i s t s  H .L .  Sulman and
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H .F .K .  P i c a r d  t o o k  o u t  w i t h  A u s t r a l i a n  b u s i n e s s m a n  
J o h n  B a l l o t  p a t e n t s  f o r  a  method o f  f l o t a t i o n  i n  which  
v i o l e n t  a g i t a t i o n  o f  t h e  o r e  p u l p  w i t h  o n ly  a  s m a l l  
amount o f  o i l  g e n e r a t e d  a  f r o t h  w hich  c a p t u r e d  and 
h e l d  m i n e r a l  p a r t i c l e s .
The f i r m  o f  M i n e r a l s  S e p a r a t i o n  L t d .  was fo rm ed  i n  
1905 t o  d e v e l o p  and e x p l o i t  t h i s  p r o c e s s ,  and a f t e r  
much r e s e a r c h  an e f f i c i e n t  sy s te m  was d e v i s e d  and a  
s t r o n g  c h a i n  o f  p a t e n t s  e s t a b l i s h e d .  The E lm o re s  h a d  
t h e m s e l v e s  b e e n  k een  t o  a p p l y  f o r  p a t e n t s  t o  p r o t e c t  
t h e i r  i n v e n t i o n s  and ,  c o n f i d e n t  t h a t  such  p r o t e c t i o n  
would be f o r t h c o m i n g ,  commenced a  l e n g t h y  and  c o s t l y  
s e r i e s  o f  l aw  s u i t s .  These  u l t i m a t e l y  f a i l e d  and t h e  
Elmore f l o t a t i o n  p a t e n t s  were s u p e r s e d e d  by  l a t e r  
r e s e a r c h  a s  t h e  t e c h n i c a l  and c o m m erc ia l  s u c c e s s  of  
f r o t h  f l o t a t i o n  was a s s u r e d  by i t s  s o p h i s t i c a t i o n  and  
an a d a p t a b i l i t y  d e v e lo p e d  t h r o u g h  i n t e n s i v e  l a b o r a t o r y  
r e s e a r c h .
The p r i n c i p l e s  o f  f r o t h  f l o t a t i o n  were s i m p l e ,  b u t  
i n  i t s  e a r l y  days  p o o r l y  u n d e r s t o o d .  By t h e  a d d i t i o n  o f  
s u i t a b l e  c h e m ic a l  r e a g e n t s  t h e  m i n e r a l  c o n t e n t  o f  an 
o re  p u l p  c o u l d  be r e n d e r e d  w a t e r  r e p e l l e n t .  O i l s  were 
u se d  a t  f i r s t  and c a u s e d  m i n e r a l  p a r t i c l e s  t o  sh ed  
t h e i r  c o a t i n g  o f  w a t e r  when b r o u g h t  i n t o  c o n t a c t  w i t h  
a i r ,  e i t h e r  a t  t h e  s u r f a c e  o f  t h e  l i q u i d  or  more 
u s u a l l y  on t h e  o u t s i d e  o f  a  g a s  b u b b l e .  T hese  b u b b l e s  
were c r e a t e d  e i t h e r  by  a g i t a t i o n  o r  by  b lo w in g  a i r  i n t o  
t h e  p u l p  a t  t h e  b a s e  o f  i t s  h o l d i n g  t a n k .  The m i n e r a l
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was c a r r i e d  on b u b b l e s  t o  t h e  s u r f a c e  where  i t  was h e l d  
i n  a  foam t h a t  c o u ld  e a s i l y  be skimmed o f f .  L a t e r ,  
s e p a r a t e  r a n g e s  o f  c h e m i c a l s  known a s  c o l l e c t o r s  and 
f r o t h e r s  were  d e v e lo p e d  and by a l t e r i n g  t h e s e  many 
v a r i a t i o n s  c o u ld  be w rough t  on t h e  p r o c e s s  t o  s u i t  a  
v a r i e t y  o f  o r e s .
However,  w h i l e  o i l s  were  u s e d  as  c o l l e c t o r s  i n  an 
a c i d  s o l u t i o n  i t  was p o s s i b l e  o n l y  t o  s e p a r a t e  m i n e r a l  
f rom r o c k y  w a s t e ,  a s  a l l  t h e  s u l p h i d e s  p r e s e n t  would  be 
f l o a t e d .  Commonly a  number o f  s u l p h i d e s  o c c u r  t o g e t h e r ,  
a  m i x t u r e  o f  l e a d  and z i n c  s u l p h i d e s  b e i n g  p a r t i c u l a r l y  
common and t r o u b l e s o m e ,  and t h u s  s e l e c t i v e  o r  d i f f e r ­
e n t i a l  f l o t a t i o n  o f  one m i n e r a l  f rom a n o t h e r  a s  w e l l  a s  
f rom s t o n e y  w a s t e  was a  g o a l  s o u g h t  a lm o s t  a s  e a g e r l y  
a s  h a d  b e e n  f l o t a t i o n  i t s e l f .  By 1920 i t  was f o u n d  t h a t  
an  a l k a l i n e  p u l p  p e r m i t t e d  t h e  u se  o f  a  new r a n g e  o f  
c o l l e c t o r s  w h ich  c o u ld  s u p p r e s s  t h e  f l o t a t i o n  o f  one 
m i n e r a l  w h i l e  p e r m i t t i n g  t h a t  o f  a n o t h e r .  As a  r e s u l t  
v a s t  r e s e r v e s  o f  complex m ixed  s u l p h i d e s  became 
a v a i l a b l e  t o  t r e a t m e n t  by  f l o t a t i o n ,  and t h e  p r o c e s s  
a s  i t  i s  known t o d a y  was e s t a b l i s h e d .
The h i s t o r y  o f  f l o t a t i o n  can. be t r a c e d  from a  v a r i e t y  
o f  s o u r c e s .  The e a r l i e s t  work i s  l i t t l e  r e c o r d e d  o t h e r  
t h a n  i n  p a t e n t s ,  wh ich  g e n e r a l l y  d e s c r i b e  an i n v e n t i o n  
w i t h o u t  e x p l a i n i n g  i t s  o r i g i n s .  A p a t e n t  i s  s i m p ly  a  
t e m p o r a r y  l e g a l  monopoly  on t h e  use  o r  m a n u f a c t u r e  o f  
an i n v e n t i o n ;  i n  E n g la n d  t h e  p a t e n t  sys tem  e v o lv e d  from 
t h e  p r a c t i c e  o f  g r a n t i n g  R o y a l  c h a r t e r s  o r  l e t t e r s
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p a t e n t  t o  t r a d e  g u i l d s  o r  i n d i v i d u a l s ,  g i v i n g  them a  
monopoly  i n  a  p a r t i c u l a r  t r a d e .  The e a r l i e s t  known 
p a t e n t  f o r  t h e  e s t a b l i s h m e n t  o f  a  new i n d u s t r y  was 
g r a n t e d  t o  a  F l e m i s h  weaver  by King Edward I I I  i n  1331; 
t h e  f i r s t  known p a t e n t  f o r  an i n v e n t i o n  d a t e s  f rom 1561 
and c o n c e r n s  t h e  m a n u f a c t u r e  o f  s a l t p e t r e .  The sys tem  
was much a b u s e d  u n d e r  t h e  T udor  and S t u a r t  m o n a rc h s ,  
m o n o p o l i e s  b e i n g  g r a n t e d  a s  p o l i t i c a l  r e w a r d s  and s o l d  
t o  r a i s e  money. The n o t i o n  t h a t  a  monopoly  s h o u l d  be 
g r a n t e d  o n l y  f o r  a  ’new m a n u f a c t u r e ’ was p r o p o s e d  by 
F r a n c i s  B acon ,  s p e a k i n g  i n  t h e  House o f  Commons i n  1602.  
T h i s  v/as f i n a l l y  f o r c e d  upon King Jam es  I  i n  1623 when 
he a g r e e d  t o  P a r l i a m e n t ’ s e n a c tm e n t  o f  t h e  S t a t u t e  o f  
M o n o p o l i e s ,  s e c t i o n  s i x  o f  w hich  a u t h o r i s e d :
l e t t e r s  p a t e n t  and g r a n t s  o f  p r i v i l e g e  f o r  t h e  t e rm  
o f  f o u r t e e n  y e a r s  o r  u n d e r ,  h e r e i n a f t e r  t o  be made,  
o f  t h e  s o l e  w o rk in g  o r  m aking  of  any manner o f  new 
m a n u f a c t u r e s  w i t h i n  t h i s  R ea lm ,  t o  t h e  t r u e  and 
f i r s t  i n v e n t o r  o f  such  m a n u f a c t u r e s . ^
T h i s  was t h e  f o u n d a t i o n  o f  modern p a t e n t  l aw ,  b u t  
t h e  p r o c e s s  o f  o b t a i n i n g  a  p a t e n t  was c o m p l i c a t e d  and 
e x p e n s i v e ,  w i t h  many o f f i c i a l s  t o  be a p p r o a c h e d  and 
many dues  p a i d .  I t  was n o t  u n t i l  t h e  p a s s i n g  of  t h e  
P a t e n t  Ammendment Act i n  1852 and t h e  a p p o in t m e n t  of 
C o m m iss io ne rs  f o r  P a t e n t s  t h a t  t h e  sy s tem  was r e f o r m e d .  
A l th o u g h  p a t e n t  s p e c i f i c a t i o n s  were h e n c e f o r t h  t o  be 
p u b l i s h e d ,  no e x a m i n a t i o n  f o r  n o v e l t y  was made p r i o r
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t o  t h e  g r a n t i n g  o f  a  p a t e n t  u n t i l  r e q u i r e d  hy  t h e  t e r m s  
o f  t h e  P a t e n t  Act o f  1883 .  To p r o f i t  from a  p a t e n t , 
h o w e v e r ,  i t s  monopoly had  t o  be p r o t e c t e d  and u n d e r  
E n g l i s h  l aw  t h e  i n f r i n g e m e n t  o f  a  p a t e n t  i s  a  c i v i l  
wrong r a t h e r  t h a n  a  c r i m i n a l  o f f e n c e ,  t h e  i n f r i n g e m e n t  
h a v i n g  t o  be p r o v e d  i n  a  c i v i l  c o u r t  and damages 
c l a i m e d .  Such c a s e s  a r e  r e c o r d e d  i n  t h e  Re p o r t s  o f  
P a t e n t ,  D e s ig n  and T r a de Mark C a se s p u b l i s h e d  by  t h e  
P a t e n t  O f f i c e ,  and i n  v i e w  o f  t h e  b i t t e r  l e g a l  b a t t l e s  
f o u g h t  o v e r  t h e  r i g h t s  t o  f l o t a t i o n  i n  B r i t a i n ,  Germany, 
A u s t r a l i a  and t h e  U n i t e d  S t a t e s ,  i t  i s  e a s y  t o  u n d e r ­
s t a n d  why t h e  e a r l y  r e s e a r c h e r s  a t  B roken  H i l l  
p r e f e r r e d  t o  m a i n t a i n  s t r i c t  s e c r e c y  a b o u t  t h e i r  work ,  
a s  e x p l a i n e d  i n  G. B l a i n e y ’ s h i s t o r y  o f  A u s t r a l i a n  
m in i n g .  The Rush t h a t  Never E n d e d .
W hile  s u f f i c i e n t  i n f o r m a t i o n  was d i s c l o s e d  i n  a  
p a t e n t  s p e c i f i c a t i o n  t o  a l l o w  someone r e a s o n a b l y  s k i l l e d  
t o  r e p r o d u c e  t h e  i n v e n t i o n ,  t h e  t e c h n i c a l  p r e s s  h a d  
w i d e r  i n t e r e s t s  b u t  o t h e r  l i m i t a t i o n s .  Such p u b l i c a t i o n s  
a s  t h e  M in in g  J o u r n a l  i n  B r i t a i n  and t h e  M in in g  and 
Sc i e n t i f i c  P r e s s  and t h e  E n g i n e e r i n g  and M in ing  J o u r n a l  
i n  t h e  U n i t e d  S t a t e s  p r i n t e d  what  came t o  t h e i r  n o t i c e  
and t h e y  c o n s i d e r e d  o f  i m p o r t a n c e  and i n t e r e s t  t o  t h e i r  
r e a d e r s .  Most  o f  t h e  e a r l i e s t  e x p e r i m e n t s  i n  f l o t a t i o n  
f a i l e d  t h e s e  c r i t e r i a ,  w h i l e  a  p a r t i c u l a r l y  v a l u a b l e  
d e s c r i p t i o n  o f  t h e  e a r l y  E lmore  f l o t a t i o n  p l a n t s  was 
p u b l i s h e d  i n  t h e  E n g i n e e r i n g  and M in ing  J o u r n a l  i n  
1903 . ^  Some o f  t h e  most  u s e f u l  h i s t o r i c a l  m a t e r i a l  i s
- 7 -
t o  be f o u n d  i n  a c c o u n t s  by i n v e n t o r s  and r e s e a r c h e r s  o f  
t h e i r  own w o rk .  T hese  may be p a r t i s a n ,  su ch  a s  S t a n l e y  
E lm o r e ’ s ’N o te s  on t h e  I n v e n t i o n ,  Developm ent  and 
I n t r o d u c t i o n  o f  t h e  F l o t a t i o n  P r o c e s s ’ , p u b l i s h e d  i n  
t h e  Mi n i n g  and S c i e n t i f i c  P r e s s  i n  1916, o r  more 
t e c h n i c a l  a s  James H e b b a r d ’ s r e c o r d  of  t h e  o r i g i n s  o f  
’F l o t a t i o n  a t  t h e  C e n t r a l  Mine,  B roken  H i l l ’ p r i n t e d  
a  y e a r  e a r l i e r  i n  t h e  same j o u r n a l . ^  S i m i l a r  a r t i c l e s  
were p u b l i s h e d  i n  t h e  j o u r n a l s  o f  t h e  I n s t i t u t i o n  of  
M ining  and M e t a l l u r g y  i n  B r i t a i n  and t h e  A m erican  
I n s t i t u t e  o f  M in ing  E n g i n e e r s ,  and t h e s e  were  o f t e n  o f  
a  more d e t a i l e d  t e c h n i c a l  n a t u r e .
The r e s u l t s  o f  t h e  v a r i o u s  p a t e n t  i n f r i n g e m e n t  s u i t s  
were a l s o  t h o r o u g h l y  r e p o r t e d ,  a l t h o u g h  comment was a t  
t i m e s  l i m i t e d .  An i m p o r t a n t  e x c e p t i o n  was i n  t h e  
w r i t i n g s  o f  Thomas A. R i c k a r d  who was a  l e a d i n g  f i g u r e  
i n  m in in g  j o u r n a l i s m  d u r i n g  t h e  f i r s t  q u a r t e r  o f  t h e  
t w e n t i e t h  c e n t u r y .  Born  i n  1864,  he  was t h e  son  o f  a  
C o r n i s h  m in in g  e n g i n e e r  from a  f a m i l y  of  m in in g  
e n g i n e e r s .  He won a  s c h o l a r s h i p  t o  Cambridge u n i v e r s i t y  
b u t  d e c l i n e d  i t ,  i n s t e a d  e n t e r i n g  t h e  R o y a l  S c h o o l  o f  
Mines a t  S o u th  K e n s i n g t o n  i n  1882 .  T h i s  was t h e n  u n d e r  
t h e  o v e r a l l  c h a r g e  o f  t h e  g r e a t  Thomas H u x le y ,  whose 
l e c t u r e s  on b i o l o g y  R i c k a r d  a t t e n d e d ;  H.G. W e l l s  was a  
f e l l o w  s t u d e n t .  R i c k a r d  g r a d u a t e d  i n  1885 and f o r  
f i f t e e n  y e a r s  p r a c t i s e d  h i s  p r o f e s s i o n ,  m a i n l y  i n  
A u s t r a l i a  and t h e  U n i t e d  S t a t e s .  By 1900 he was w i d e l y  
r e s p e c t e d  a s  a  s u r v e y o r  of  m in in g  p r o p e r t i e s ,  b u t
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R i c k a r d  h i m s e l f  was l e s s  i n t e r e s t e d  i n  t h e  f i n a n c i a l  
a s p e c t s  o f  ra in in g  t h a n  i n  e n g i n e e r i n g ,  and when o f f e r e d  
t h e  p o s t  o f  e d i t o r  o f  t h e  E n g i n e e r i n g  and M in ing  
J o u r n a l  i n  1902 he q u i c k l y  a c c e p t e d .
I n  1905 R i c k a r d  b o u g h t  t h e  S a n - F r a n s i s c o - b a s e d
Mi n i n g  and S c i e n t i f i c  P r e s s and was i t s  e d i t o r  a lm o s t
c o n t i n u o u s l y  u n t i l  he s o l d  i t  t o  t h e  p r o p r i e t o r s  o f  t h e
J o u r n a l  w i t h  which  i t  was am a lg am ated  i n  1922 .  R i c k a r d
t h e n  r e t i r e d  t o  t r a v e l  and w r i t e  on t h e  h i s t o r y  o f
m i n i n g . ^  I n  1909 he h a d  r e t u r n e d  from t h e  U n i t e d  S t a t e s
t o  f o u n d  t h e  London M in ing  M ag az ine which  he  e d i t e d
u n t i l  t h e  o u t b r e a k  o f  t h e  G r e a t  War. He t o o k  a  g r e a t
i n t e r e s t  i n  f l o t a t i o n ,  p r i n t i n g  b o t h  news and t e c h n i c a l '
a r t i c l e s  i n  t h e  Pr e s s  and t h e  M in ing  Magazine  and
h i m s e l f  w r i t i n g  many e d i t o r i a l s  on t h e  o r i g i n s  and
l e g a l  c o m p l i c a t i o n s  o f  t h e  p r o c e s s .  He was a l s o
r e s p o n s i b l e  f o r  a  s e r i e s  o f  ’ I n t e r v i e w s  w i t h  M in ing
E n g i n e e r s ’ p u b l i s h e d  i n  t h e  Pr e s s  w h ich  g i v e  many
p e r s o n a l  i n s i g h t s  i n t o  t h e  e a r l y  d ev e lo p m e n t  o f
f l o t a t i o n  i n  t h e  U n i t e d  S t a t e s .  T hese  were l a t e r
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c o l l e c t e d  i n t o  a  b o o k .  Thomas R i c k a r d  a l s o  w r o t e  an 
a u t o b i o g r a p h y .  R e t r o s p e c t , w h ich  was p u b l i s h e d  i n  1936.
As t h e  f l o t a t i o n  p r o c e s s e s  were d e v e l o p e d ,  so t h e  
volume of  l i t e r a t u r e  i n c r e a s e d .  I n  1912 T h eo d o re  J .  
H o o v e r ,  b r o t h e r  o f  U n i t e d  S t a t e s  p r e s i d e n t  H e r b e r t  
Hoover  and h i m s e l f  one of  t h e  l e a d i n g  t e c h n i c a l  
c o n s u l t a n t s  o f  t h e  M i n e r a l s  S e p a r a t i o n  g r o u p ,  p u b l i s h e d  
Con c e n t r a t i n g  Ores  by F l o t a t i o n , a  t h o r o u g h  r e v i e w  of
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t h e  s u b j e c t  t h a t  p s s s e d  t h r o u g h  t h r e e  e d i t i o n s  i n  f o u r
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y e a r s .  F l o t a t i o n  h a d  b e e n  n o t e d  b r i e f l y  i n  t e c h n i c a l  
works  o v e r  t h e  p a s t  t e n  y e a r s ,  b u t  a f t e r  H o o v e r ’ s book 
came a  s e r i e s  o f  i n c r e a s i n g l y  s p e c i a l i s e d  m a n u a l s .
Thomas R i c k a r d  p u b l i s h e d  i n  1916 a  c o l l e c t i o n  of  
a r t i c l e s  on The F l o t a t i o n  P r o c e s s  w h ich  he d e d i c a t e d  t o  
F r a n k  and h i s  b r o t h e r  S t a n l e y  E lm ore  ’ i n  r e c o g n i t i o n  o f  
t h e i r  c o u r a g e o u s  p e r s i s t e n c e  and e n g i n e e r i n g  s k i l l  i n  
t h e  d e v e lo p m e n t  o f  t h e  f l o t a t i o n  p r o c e s s ’ He a l s o  
w r o te  w i t h  O l i v e r  R a l s t o n ,  a  m e t a l l u r g i s t  from t h e  U .S .  
B u re au  o f  M in e s ,  a  s t u d y  u n d e r  t h e  s im p le  t i t l e  of  
F l o t a t i o n  w h ich  was p u b l i s h e d  i n  1 9 1 7 .^  H.A. Megraw 
a l s o  u se d  The F l o t a t i o n  P r o c e s s a s  t h e  t i t l e  o f  h i s  
t e c h n i c a l  and d e s c r i p t i v e  r e v i e w  of  f l o t a t i o n  a s  
p r a c t i s e d  i n  1 91 6 .^ ^
The p e r i o d  1916-1920 saw r a p i d  d e v e l o p m e n t s .  As t h e  
m a jo r  l aw  s u i t s  b e g a n  t o  be s e t t l e d  and t h e  p r o c e s s  came 
t o  be b e t t e r  u n d e r s t o o d ,  a  l a r g e  body o f  m a t e r i a l  came 
f o r w a r d  f o r  p u b l i c a t i o n  from w hich  much of  t h e  e a r l y  
h i s t o r y  of  f r o t h  f l o t a t i o n  may be t r a c e d .  I t  a l s o  saw 
t h e  e s t a b l i s h m e n t  o f  f l o t a t i o n  a s  a  m a jo r  c o m m erc ia l  
p r o c e s s ;  h e n c e f o r t h  r e s e a r c h  and d ev e lo p m e n t  would  be 
c o n c e r n e d  w i t h  i n v e s t i g a t i n g  t h e  t h e o r y  o f  f l o t a t i o n  
and i n  m ak ing  m e c h a n i c a l  and c h e m ic a l  im p r o v e m e n t s ,  
r a t h e r  t h a n  w i t h  t h e  b a s i c  p r o b le m s  o f  w h e th e r  i t  c o u ld
be made t o  work a t  a l l .
P r o m i n e n t  among t h e  m e t a l l u r g i s t s  r e s p o n s i b l e  f o r  
t h e  r e f i n e m e n t  o f  f l o t a t i o n  was A r t h u r  F .  T a g g a r t .  I n
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1919 he  was a p p o i n t e d  P r o f e s s o r  of  M i n e r a l  D r e s s i n g  a t
Colum bia  S c h o o l  o f  M ines ,  and he p u b l i s h e d  A Manual o f
11F l o t a t i o n  P r o c e s s e s  tv;o y e a r s  l a t e r .  H is  Handbook o f
Ore D r e s s i n g  was p u b l i s h e d  i n  1927 and soon  became a
s t a n d a r d  work of  r e f e r e n c e ;  i t  was r e v i s e d  i n  1945,"^^
T a g g a r t  was t h u s  w e l l  q u a l i f i e d  t o  c o n t r i b u t e  a  r e v i e w
o f  ’ S e v e n t y - f i v e  Y e a rs  o f  P r o g r e s s  i n  Ore D r e s s i n g ’ t o
t h e  A m erican  I n s t i t u t e  o f  M in ing  E n g i n e e r s ’ s e v e n t y -
1f i f t h  a n n i v e r s a r y  volume i n  1947.
To a p p r e c i a t e  t h e  t r a n s f o r m a t i o n  i n  m i l l i n g  t h a t
t o o k  p l a c e  d u r i n g  t h e  l a t e  n i n e t e e n t h  and e a r l y
t w e n t i e t h  c e n t u r i e s ,  i t  i s  u s e f u l  t o  compare T a g g a r t ’ s
Handbook w i t h  i t s  p r e d e c e s s o r s .  P r o f e s s o r  R .H .  R i c h a r d s ’
Ore D r e s s i n g  was p u b l i s h e d  i n  f o u r  v o lu m es  b e tw e e n  1903
and 1 9 0 8 .^ ^  I t  was by  t h e n  a l r e a d y  b e i n g  o v e r t a k e n  by
su c h  m a jo r  d e v e lo p m e n ts  as  t h e  i n t r o d u c t i o n  o f  l a r g e
b a l l  m i l l s  f o r  c r u s h i n g ,  im p ro v e m sn ts  i n  t h e  d e s i g n  of
s h a k i n g  t a b l e s ,  t h e  u se  o f  e l e c t r i c i t y  t o  power
m a c h in e r y ,  and t h e  f l o t a t i o n  p r o c e s s  i t s e l f .  The e x t e n t
o f  change o v e r  t h e  p r e v i o u s  t w e n t y  y e a r s  may be ju d g e d
from a  c o m p a r i s o n  o f  E .H .  D a v i e s ’ M a ch in e ry  f o r
1 sM e t a l l i f e r o u s  Mines ,  p u b l i s h e d  i n  1901,  and 
Me t a l l i f e r o u s  M i n e r a l s  and M i n i n g , w r i t t e n  by  h i s  
f a t h e r  D.C. D a v i e s ,  i n  1 8 8 1 .^ ^  I n  t h i s  p e r i o d  a l s o  
came t h e  i n t r o d u c t i o n  o f  t h e  c y a n i d e  p r o c e s s  f o r  t h e  
c h e m ic a l  e x t r a c t i o n  o f  g o l d  w i t h  i t s  own e x t e n s i v e  
t e c h n i c a l  l i t e r a t u r e .
- 1 1 -
Ore d r e s s i n g  t e c h n i q u e s  of  e a r l i e r  t i m e s  a r e  l e s s
w e l l  documented  b e c a u s e  t h e y  r e l i e d  much more on human
s k i l l  t h a n  m a c h i n e r y .  The b a s i c  m ethods  u s e d  i n  t h e
n i n e t e e n t h  c e n t u r y  t o  c o n c e n t r a t e  r i c h  v e i n o u s  o r e s
would have  b e e n  f a m i l i a r  t o  G e o r g iu s  A g r i c o l a  from
r e s e a r c h  a t  German m in es  f o r  h i s  g r e a t  work De Re
M e t a l l i c a , f i r s t  p u b l i s h e d  i n  1556 and t r a n s l a t e d  from
L a t i n  by H e r b e r t  Hoover and h i s  w i f e  i n  t h e  e a r l y  y e a r s
1 7o f  t h i s  c e n t u r y .  P r a c t i c e  i n  t h e  n o r t h  o f  E n g la n d
o v e r  t h e  p a s t  e i g h t  c e n t u r i e s  i s  d e s c r i b e d  i n  A H i s t o r y
o f  Lead M in ing  i n  t h e  P e n n i n e s  by  A r t h u r  R a i s t r i c k  and
B. J e n n i n g s ,  from w hich  t h e  i n f l u e n c e  and s p r e a d  o f  t h e
1 Ac o m p a r a t i v e l y  a d vanced  German m ethods  i s  c l e a r .
J .W . Gough’ s s t u d y  o f  t h e  Mines o f  Mendip t r a c e s
d e v e lo p m e n t s  i n  t h a t  a r e a  o f  s o u t h e r n  E n g la n d  and
e m p h a s i s e s  t h e  c o n t i n u i t y  o f  p r a c t i c e  from Roman t i m e s  
1 9onward .  I n  1858 J ,  H e n d e r s o n  r e p o r t e d  t o  t h e
I n s t i t u t i o n  o f  C i v i l  E n g i n e e r s  ’ On t h e  Methods
G e n e r a l l y  Adopted  i n  C o rn w a l l  i n  D r e s s i n g  T i n  and 
20Copper O r e s ’ , w h i l e  R oger  B u r t ’ s S h o r t  H i s t o r y  of
Br i t i s h  Ore P r e p a r a t i o n  T e c h n iq u e s  p r o v i d e s  a g e n e r a l
r e v i e w  o f  p r a c t i c e  i n  t h e  e i g h t e e n t h  and n i n e t e e n t h  
21c e n t u r i e s .  D i r e c t  i n v e s t i g a t i o n  of  such  s u r v i v i n g  
f e a t u r e s  a s  w a t e r c o u r s e s  and d r e s s i n g  f l o o r s  can  
g r e a t l y  s u p p le m e n t  d o c u m e n ta ry  e v i d e n c e ,  w h e t h e r  a t  t h e  
a n c i e n t  G reek  s i l v e r  m in e s  o f  L a u r i o n ,  o r  o f  more 
r e c e n t  d a t e  a s  M a r i l y n  P a l m e r ’ s r e c o r d  o f  e x c a v a t i o n s  
and r e s e a r c h  on t h e  E s g a i r  H i r  and E s g a i r  P r a i t h  co pp er
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and l e a d  m in e s  i n  C a r d i g a n s h i r e ,  "The R i c h e s t  i n  a l l
22W a le s" .
New m ethods  o f  o re  d r e s s i n g  o f t e n  r e q u i r e d  
s u b s t a n t i a l  c a p i t a l  i n v e s t m e n t .  T r a d i t i o n a l l y  i n  
E n g la n d  t h e  o n l y  means by which  a  number o f  s u b s c r i b e r s  
c o u ld  p o o l  t h e i r  c a p i t a l  w i t h  s a f e t y  u n d e r  t h e  law  was 
by o b t a i n i n g  a  Crown c h a r t e r ,  su ch  a s  t h a t  o f  t h e  
Company o f  Mine A d v e n t u r e r s .  I n  t r a d e  t h e  u s u a l  
co m m erc ia l  u n i t  was an i n d i v i d u a l  o r  s m a l l  p a r t n e r s h i p  
w i t h  members o f t e n  drawn from w i t h i n  a  f a m i l y ,  b u t  a s  
u n d e r t a k i n g s  grew l a r g e r  and c a l l e d  f o r  g r e a t e r  c a p i t a l  
f u n d s ,  p a r t n e r s h i p s  t e n d e d  t o  i n c r e a s e  t h e  num bers  of 
t h e i r  m embers .  S h a r e s  were i s s u e d  i n  r e t u r n  f o r  c a p i t a l  
and l a r g e  u n d e r t a k i n g s  o f  t h i s  t y p e  were known as  
’ j o i n t  s t o c k ’ b u s i n e s s e s ,  a l t h o u g h  t h e y  had  no l e g a l  
c o r p o r a t e  i d e n t i t y  and t h e  members were  i n d i v i d u a l l y  
l i a b l e  f o r  t h e  d e b t s  o f  t h e  f i r m ,  as  i n  t h e  C o r n i s h  
’ c o s t  b o o k ’ m in in g  c o m p a n ie s .
As t h e  h i s t o r i a n s  of  t h e  M id lan d  Bank o b s e r v e d ,
’ su c h  a s s o c i a t i o n s ,  t h o u g h  p r o h i b i t e d  f o r  more t h a n  a
c e n t u r y  by  t h e  B ubble  Act o f  1719,  i n  f a c t  c o n t i n u e d  t o
i n c r e a s e  i n  s t r e n g t h  and n u m b ers ,  fo r m in g  t h e  d i r e c t
2 3p r e d e c e s s o r s  o f  t h e  modern t r a d i n g  company’ .  ̂ The 
r e p e a l  i n  1825 o f  t h a t  Act i n t e n d e d  t o  p r e v e n t  a  
r e p e t i t i o n  o f  t h e  S o u th  Sea  B ubb le  s c a n d a l  p e r m i t t e d  
t h e  f o r m a t i o n  o f  t r u e  j o i n t  s t o c k  c o m p a n ie s .  I n  1844 
t h e  p r o c e d u r e  o f  i n c o r p o r a t i o n  was s i m p l i f i e d ,  w h i l e  
t h e  Companies Act o f  1855 i n t r o d u c e d  t h e  p r i n c i p l e  of
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l i m i t e d  l i a b i l i t y  o f  s h a r e h o l d e r s .  T h i s  Ac t  and t h a t  o f  
1870 r e q u i r e d  com panies  t o  r e g i s t e r  w i t h  t h e  B o a rd  of  
T ra d e  and su b m i t  a n n u a l  r e t u r n s  o f  s h a r e h o l d e r s  and 
o f f i c e r s .  The f i l e s  o f  d e f u n c t  com pan ies  r e g i s t e r e d  
f rom a b o u t  1856, and more p a r t i c u l a r l y  from 1870,  have  
b e e n  d e p o s i t e d  a t  t h e  P u b l i c  R e c o rd  O f f i c e ,  Kew, w h i l e  
t h o s e  r e l a t i n g  t o  a c t i v e  com pan ies  a r e  r e t a i n e d  a t  
Companies H o u s e . I n  many c a s e s  t h e s e  o f f e r  t h e  o n ly  
e v i d e n c e  o f  t h e  o r g a n i s a t i o n  o f  s m a l l e r  b u s i n e s s e s  and 
t h e i r  a l l  t o o  f r e q u e n t  f a t e  i n  l i q u i d a t i o n .  The a f f a i r s  
o f  l a r g e r  u n d e r t a k i n g s  were  r e p o r t e d  i n  t h e  t r a d e  p r e s s ,  
e s p e c i a l l y  t h e  M in ing  J o u r n a l ,  o r  i n  d a i l y  n e w s p a p e r s  
su c h  a s  The T im e s . I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  
r e p o r t s  o f  a n n u a l  s h a r e h o l d e r s '  m e e t i n g s  w ere  o f t e n  
p r e p a r e d  by  company s e c r e t a r i e s  b u t  p l a c e d  i n  news 
columns a s  i f  t h e  work o f  i n d e p e n d e n t  r e p o r t e r s ,  a
25p r a c t i c e  o f  w hich  Thomas R i c k a r d  s t r o n g l y  d i s a p p r o v e d .
By t h e  end o f  t h e  n i n e t e e n t h  c e n t u r y  gov e rnm en t  
a g e n c i e s  i n  many c o u n t r i e s  were  p r o d u c i n g  s t a t i s t i c a l  
r e v i e w s  o f  t h e i r  m in in g  i n d u s t r i e s .  The G e o l o g i c a l  
S u rv e y  of  G r e a t  B r i t a i n  and I r e l a n d  b e g a n  t o  c o l l e c t  
and p u b l i s h  s t a t i s t i c s  f o r  m i n e r a l  p r o d u c t i o n  i n  t h e  
184 0 s ,  r e t u r n s  from m in e s  n o t  b e i n g  made c o m p u lso ry  
u n t i l  18 7 3 ,^ ^  b u t  B r i t i s h  o f f i c i a l  p u b l i c a t i o n s  c o n t a i n  
l i t t l e  o f  d i r e c t  r e f e r e n c e  t o  f l o t a t i o n  f o r  B r i t i s h  
m e t a l  m in in g  was i n  r a p i d  d e c l i n e  by  t h e  end o f  t h e  
c e n t u r y .  E a r l y  f l o t a t i o n  dev e lo p m e n t  a t  B ro k e n  H i l l  was 
r e c o r d e d  t o  some e x t e n t  i n  t h e  a n n u a l  r e p o r t s  o f  t h e
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New S o u th  Wales D ep ar tm en t  o f  M in e s ,  wh ich  a l s o  e x p l a i n  
t h e  p r o b le m s  i t  was hoped  f l o t a t i o n  would s o l v e .  The 
U n i t e d  S t a t e s  G e o l o g i c a l  S u rv e y  p u b l i s h e d  an e x h a u s t ­
i v e l y  d e t a i l e d  a n n u a l  s u r v e y  o f  M i n e r a l  R e s o u r c e s  o f  
t h e  U n i t e d  S t a t e s  which  c o n t a i n e d  n o t  o n ly  s t a t i s t i c s  
f o r  m i n e r a l  p r o d u c t i o n ,  b u t  a u t h o r i t a t i v e  r e v i e w s  of 
d e v e lo p m e n t s  a t  i n d i v i d u a l  m in e s ,  i n c l u d i n g  t h e  
b u i l d i n g  o f  e a r l y  f l o t a t i o n  p l a n t s .
S in c e  1920 t h e  l i t e r a t u r e  on f l o t a t i o n  h a s  grown 
s t e a d i l y  b o t h  i n  volume and t e c h n i c a l  c o m p l e x i t y .  The 
p r o c e s s  i s  now one o f  t h e  most  i m p o r t a n t  m e tho d s  o f  o re  
c o n c e n t r a t i o n  a v a i l a b l e  t o  m in in g  e n g i n e e r s  and i s  u s e d  
on a  much w i d e r  r a n g e  o f  m i n e r a l s  t h a n  i t s  p i o n e e r s  
would  have  dreamed p o s s i b l e .  Yet i t s  e a r l i e s t  d e v e l o p ­
ment was i n  t h e  h a n d s  o f  a  few i n d i v i d u a l s ,  o f t e n  
d r i v e n  by f i n a n c i a l  d i f f i c u l t i e s  and p e r s o n a l  e n t h u s i a s m  
t o  t r y  t o  e x p l o i t  an a p p a r e n t l y  s im p le  phenomenon t h a t  
p r o v e d  e l u s i v e  i n  p r a c t i c e .  As i n t e r e s t  and r e s e a r c h  
grew r a p i d l y  so d id  t h e  r a n g e  o f  p a t e n t s  g r a n t e d  on 
a s p e c t s  o f  t h e  p r o c e s s .  I t  was i n e v i t a b l e  t h a t  some 
would  come i n t o  c o n f l i c t  and g r e a t  l e g a l  b a t t l e s  were 
f o u g h t  o v e r  t h e  r i g h t s  t o  f l o t a t i o n  w i t h  m ixed  r e s u l t s  
on i t s  d e v e lo p m e n t .  The exchange  o f  i n f o r m a t i o n  b e tw e e n  
r e s e a r c h e r s  was r e s t r i c t e d ,  b u t  t h e r e  was a  g r e a t e r  
i n c e n t i v e  t o  d e v i s e  new p r o c e s s e s  o u t s i d e  t h e  scope  of  
e x i s t i n g  p a t e n t s .  The s u c c e s s  o f  f l o t a t i o n  h a d  g r e a t  
econom ic  e f f e c t s  on t h e  m in in g  i n d u s t r y .  The f o r t u n e s  
o f  B roken  H i l l  were r e v i v e d  a t  a  t im e  of  c r i s i s .  L a t e r
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t h e  Am erican  m in in g  i n d u s t r y  was a b l e  t o  e x p l o i t  v a s t  
r e s e r v e s  o f  p r e v i o u s l y  u n u s a b l e  m i n e r a l s  w h ich  h e l p e d  
t o  d e p r e s s  t h e  p r i c e s  o f  some m e t a l s  and s e a l e d  t h e  
f a t e  o f  more m a r g i n a l  m in in g  f i e l d s ,  such  a s  t h o s e  of  
B r i t a i n .
Even i n  i t s  t u r b u l e n t  e a r l y  y e a r s  f l o t a t i o n  was
s c a r c e l y  known beyond t h e  r a n k s  of  m in in g  e n g i n e e r s
and p r o m o t e r s ,  and i t s  d e t a i l s  were  s h r o u d e d  i n  l e g a l
and t e c h n i c a l  m y s t e r y .  I t  i s  d o u b t f u l  w h e t h e r  any
g r e a t e r  g e n e r a l  knowledge  e x i s t s  o f  t h e  p r o c e s s  t o d a y .
I t s  h i s t o r y  h a s  b e e n  l i t t l e  r e c o r d e d  o u t s i d e  t h e  m in in g
p r e s s .  I t  i s  a  f a c t  t h a t  F r a n k  E lmore  v/as t h e  f i r s t  t o
o p e r a t e  s u c c e s s f u l l y  a  f l o t a t i o n  p r o c e s s ,  and h i s
s u c c e s s  s p u r r e d  o t h e r s  i n  t h e i r  r e s e a r c h e s  w hich
r e s u l t e d  i n t t h e  d eve lopm en t  o f  f l o t a t i o n  a s  a p p l i e d
t o d a y .  I t  i s  t o  f u l l y  c r e d i t  F r a n k  E l m o r e ' s  a c h ie v e m e n t
and p l a c e  i t  i n  a  c o n t e x t  o f  t h e  e a r l y  h i s t o r y  of
f l o t a t i o n  t h a t  t h i s  s t u d y  i s  a im ed .  I t s  i m p o r t a n c e  may
be ju d g e d  from R oger  B u r t ' s  o b s e r v a t i o n  t h a t  t h e  a r r i v a l
o f  f l o t a t i o n ,  t o g e t h e r  w i t h  new m a g n e t i c  s e p a r a t i o n
t e c h n i q u e s ,  ' h e r a l d e d  a  f u n d a m e n ta l  r e v o l u t i o n  i n
27o r e  d r e s s i n g ;  t h e  f i r s t  f o r  s e v e r a l  m i l l e n n i a ' .
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I  -  Ore D r e s s i n g  b e f o r e  F l o t a t i o n
T r a d i t i o n a l  m ethods  o f  o re  c o n c e n t r a t i o n  depended  upon 
e i t h e r  s e p a r a t i n g  t h e  c o n s t i t u e n t s  o f  a  c r u s h e d  o re  
a c c o r d i n g  t o  t h e i r  r e l a t i v e  s p e c i f i c  g r a v i t i e s  o r  on 
c h e m ic a l  c o l l e c t i o n .  As e a r l y  a s  2 ,5 0 0  B .C .  g o l d  was 
b e i n g  m ined  from r i c h  v e i n s  and t h e  o re  b r o k e n  w i t h  
hammers so t h a t  p a r t i c l e s  o f  p u r e  g o l d  c o u l d  be p i c k e d  
o u t ,  a  form known as  ’n a t i v e  m e t a l * .  Hand p i c k i n g  was 
augm ented  by  w a sh in g  c r u s h e d  r o c k  so t h a t  l i g h t e r  
s t o n e y  w a s t e  was washed away a s  mud t o  l e a v e  t h e  h e a v i e r  
g o l d .  T h i s  i s  t h e  p r i n c i p l e  o f  t h e  p r o s p e c t o r ’ s p a n ,  b u t  
once t h e  r o c k  was c r u s h e d  much o f  t h e  f i n e s t  g o l d  d u s t  
was l i a b l e  t o  be washed away w i t h  t h e  w a t e r .  To t r a p  
t h i s  ’ f l o a t  g o l d ’ t h e  w a sh in g  w a t e r  was o f t e n  r u n  o v e r  
f l e e c e s  o r  b l a n k e t s  which  were washed a t  i n t e r v a l s  t o  
r e c o v e r  t h e  m e t a l .
S i l v e r  and l e a d  were  a v a i l a b l e  a s  m e t a l s  i n  Egypt  
b e f o r e  3 ,0 0 0  B . C . ,  and t h e i r  m ethods  of  w o rk in g  were 
known t h r o u g h  most  o f  E urope  by  300 B .C .  Lead  was 
p r o d u c e d  a s  a  b y - p r o d u c t  o f  t h e  demand f o r  s i l v e r ,  t h e  
m ost  p l e n t i f u l  s o u r c e  o f  b o t h  b e i n g  t h e  m i n e r a l  g a l e n a  
or l e a d  s u l p h i d e ,  w h ich  g e n e r a l l y  c o n t a i n e d  a  q u a n t i t y  
o f  s i l v e r  and o t h e r  s u l p h i d e s .  M in ing  and s m e l t i n g  of 
s i l v e r - l e a d  o r e s  was d e v e lo p e d  i n  t h e  n o r t h - e a s t  of  
A s i a  Minor and l o n g  h e l d  t h e r e  a s  a  m onopoly  o f  t h e  
H i t t i t e s  b e f o r e  t h e i r  t e c h n i q u e s  of  r o a s t i n g  o re  p r i o r  
t o  s m e l t i n g  were a p p l i e d  t o  n ew ly  d i s c o v e r e d  d e p o s i t s
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i n  t h e  c o n t i n e n t  o f  E u r o p e ,  G a le n a  was p i c k e d  o u t  from 
s t o n e y  w a s t e  by  hand  and b r o k e n  w i t h  hammers . I t  was 
mixed w i t h  c h a r c o a l  i n  a  s im p le  f u r n a c e  and a  b l a s t  o f  
a i r  a p p l i e d  from a  b e l l o w s .  At f i r s t  t h e  t e m p e r a t u r e  
was h e l d  dawn i n  o r d e r  t h a t  some of  t h e  s u l p h u r  would  
be d r i v e n  o f f  a s  s u l p h u r  d i o x i d e ,  c o n v e r t i n g  t h e  l e a d  
s u l p h i d e  t o  an  o x id e  ( l i t h a r g e )  o r  a  s u l p h a t e .  V/hen i t  
was ju d g e d  t h a t  s u f f i c i e n t  h a d  b e e n  r em o v e d ,  t h e  
t e m p e r a t u r e  would  be r a i s e d  and an im pure  a l l o y  o f  l e a d  
and s i l v e r  would c o l l e c t  a t  t h e  b a s e  o f  t h e  f u r n a c e .  
T h i s  was r e f i n e d  by  c u p e l l a t i o n ,  t h e  l e a d  b e i n g  d r i v e n  
o f f  from t h e  m o l t e n  m e t a l s  by  o x i d a t i o n  t o  v o l a t i l e  
l i t h a r g e  by  a b l a s t  o f  a i r  i n  t h e  f u r n a c e .  From 
e x a m i n a t i o n s  o f  s l a g s ,  a r c h a e o l o g i s t s  have  e s t i m a t e d  
t h a t  r a t h e r  l e s s  t h a n  t w o - t h i r d s  o f  t h e  s i l v e r  c o n t e n t  
was r e c o v e r e d  from t h e  o r e . ^
Ore d r e s s i n g  p l a y e d  a  r e l a t i v e l y  s m a l l  p a r t  i n  
a n c i e n t  m e t a l l u r g y .  Only r i c h  v e i n o u s  d e p o s i t s  were 
worked and t h e  o re  was c o l l e c t e d  s u f f i c i e n t l y  w e l l  by 
h a n d  p i c k i n g ,  b u t  by  t h e  t h i r d  c e n t u r y  B .C .  t h e  G re ek s  
h a d  d e v i s e d  an e f f i c i e n t  m ethod  o f  c o n c e n t r a t i o n  w hich  
was a p p l i e d  a t  t h e  X a u r io n  s i l v e r - l e a d  m in e s  w hich  
s u p p l i e d  much o f  t h e  w e a l t h  o f  A t h e n s .  T h e re  t h e  o re  
was p i c k e d  o v e r  a t  t h e  m in e ,  t h e  r i c h e s t  m a t e r i a l  g o in g  
d i r e c t l y  t o  t h e  f u r n a c e ,  w h i l e  t h e  m a j o r i t y  was c r u s h e d  
w i t h  w a t e r  i n  h o l l o w  s t o n e  m o r t a r s ,  t h e n  g ro u n d  more 
f i n e l y  b e tw e e n  s t o n e s .  T h i s  c r u s h e d  o re  was washed on 
a  smooth p a v ed  a r e a  t h a t  u n d e r  a  v a r i e t y  o f  fo rm s
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r e m a i n s  i m p o r t a n t  i n  t h e  g r a v i t y  s e p a r a t i o n  of  m i n e r a l s .
The l e a d  c o n t e n t  o f  an e v e n l y - s i z e d  o re  p u l p ,  b e i n g
h e a v i e r  t h a n  t h e  c r u s h e d  r o c k  from w h ich  i t  was m in e d ,
s e t t l e d  ou t  o f  s u s p e n s i o n  more q u i c k l y .  As t h e  l i q u i d
p u l p  f lo w e d  down a  g e n t l e  s l o p e ,  so t h e  g a l e n a  s e t t l e d
o u t  i n  l a y e r s  o f  d e c r e a s i n g l y  r i c h  m a t e r i a l  u n t i l  i n
t h e o r y  o n ly  w a s te  r e m a in e d  a t  t h e  o u t f l o w .  I n  p r a c t i c e
much l e a d  r e m a in e d  i n  t h i s  ’ t a i l i n g ’ , and i t  was washed
a g a i n  o v e r  a  paved  s l o p e  t h a t  h a d  b e e n  c u t  w i t h  s h a l lo w
g r o o v e s  o r  r i f f l e s  c r o s s i n g  t h e  d i r e c t i o n  o f  f l o w .  T h i s
was u n d e r t a k e n  i n  l e n g t h y  w a t e r  c o u r s e s  t o  m ax im ise
r e c o v e r y  and a t  i n t e r v a l s  t h e  f l o w  was s t o p p e d  and t h e
l e a d  o re  c o l l e c t e d  from t h e  r i f f l e s  i n t o  w h ich  i t  had
s e t t l e d ;  i t  was r e t u r n e d  t o  t h e  f e e d  f o r  f u r t h e r  w a s h i n g .
The f i n a l  w a s t e  t a i l i n g  was r u n  i n t o  a  s e t t l i n g  pond so
t h a t  t h e  w a t e r  c o u ld  be r e c o v e r e d  f o r  f u r t h e r  u s e .  Over
a  c e n t u r y  t h i s  p a t t e r n  o f  t r e a t m e n t  was r e f i n e d  t o
i n c l u d e  f o u r  s t a g e s  o f  c r u s h i n g  w i t h  s e l e c t i o n  o f  t h e
2
b e s t  m a t e r i a l  b e tw e e n  e a c h  c r u s h i n g .
The b e s t  r e s u l t s  c o u ld  o n l y  be a c h i e v e d  when t h e  ore  
was g ro u n d  i n t o  e v e n l y - s i z e d  p a r t i c l e s  t o  e n s u r e  t h a t  
s e p a r a t i o n  was on t h e  b a s i s  o f  r e l a t i v e  s p e c i f i c  g r a v i t y  
r a t h e r  t h a n  w e i g h t  o f  p a r t i c l e s .  A f u r t h e r  d i f f i c u l t y  
was t h a t  t h e  f i n e s t  m a t e r i a l  o f  a l l  fo rm ed  s l i m e s  which  
p o s e d  a  p ro b lem  co m p a rab le  w i t h  f l o a t  g o l d ,  v a l u a b l e  
m i n e r a l s  b e i n g  c a r r i e d  away i n  t h e  w a sh in g  w a t e r .  I n  
p a r t  t o  c i r c u m v e n t  t h e s e  p r o b le m s  t h e  Romans a d o p te d  
a m a lg a m a t io n  w i t h  m e rc u ry  a s  a  means o f  r e c o v e r i n g
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p r e c i o u s  m e t a l s .  M ercury  was mixed w i t h  t h e  o re  p u l p  
w h ich  was d r a i n e d  and s t r a i n e d  t h r o u g h  l e a t h e r ,  t h e n  
t h e  r e s u l t i n g  amalgam was h e a t e d  t o  d r i v e  o f f  t h e  
m e r c u r y .  Lead  was worked by t r a d i t i o n a l  means w h i l e  t h e  
Romans a p p l i e d  sound p r a c t i c a l  e n g i n e e r i n g  t o  a l l  t h e i r  
m in i n g .  Much of  t h i s  s k i l l  was n e g l e c t e d  i n  E urope  
a f t e r  t h e  c o l l a p s e  o f  Roman a u t h o r i t y  and t h e  d e c l i n e  
o f  t r a d e  a b o u t  t h e  M e d i t e r r a n e a n .  M e ta l  m in in g  d e c l i n e d  
i n  S p a i n  a f t e r  t h e  M o or ish  i n v a s i o n ,  b u t  i t  was fo u n d  
t h a t  when w a t e r  c o n t a i n i n g  c o p p e r  s u l p h a t e  was r u n  o v e r  
i r o n  t h i s  m e t a l  was d i s s o l v e d  and t h e  c o p p e r  p r e c i p ­
i t a t e d .  I r o n  was t h e  c h e a p e r  m e t a l  and t h i s  p r o v e d  an 
e f f e c t i v e  m ethod  o f  o b t a i n i n g  c o p p e r .  T h e re  was no n eed  
t o  r a i s e  o re  from t h e  mine and many w o r k in g s  f e l l  i n t o
d i s u s e ,  w a t e r  b e i n g  d r a i n e d  from o l d  t u n n e l s  f o r  
%
t r e a t m e n t . ^
By t h e  t h i r t e e n t h  and f o u r t e e n t h  c e n t u r i e s  m in in g  
was b e i n g  r e v i v e d  i n  S p a in  a s  i n  t h e  r e s t  o f  E u r o p e .
I n  B r i t a i n  t h e  monks o f  F o u n t a i n s  Abbey i n  Y o r k s h i r e  
were  w o rk in g  t h e  e x t e n s i v e  g a l e n a  d e p o s i t s  o f  Greenhow 
H i l l  and c r u s h i n g  t h e  o re  w i t h  w a t e r  i n  h o l l o w e d  s t o n e  
m o r t a r s  t h a t  would have  b e e n  f a m i l i a r  t o  t h e  a n c i e n t  
G r e e k s .  Here  t h i s  r e v i v a l  was l a r g e l y  t h e  r e s u l t  o f  t h e  
’w i d e s p r e a d  programme o f  c a s t l e  b u i l d i n g ,  p a r t i c u l a r l y  
u n d e r  H enry  I I ,  and t h e  o p e n in g  of  t h e  b u i l d i n g  
a c t i v i t i e s  o f  t h e  many m o n a s t i c  c o m m u n i t i e s  i n  t h e  
t w e l f t h  c e n t u r y - ' . ^  Lead was u s e d  f o r  r o o f i n g  and 
g u t t e r s ,  p i p e s ,  c i s t e r n s  and t a n k s ,  and i n  some c a s e s
A -  B o x .  A l t h o i - g h  t h e  u p p e k  p a r t  i s  n o t  o p e n ,  i t  i s  s h o w n  o p e n  h e r e ,  t h a t  t h e  
w h e e l  HE S E E N .  B — W H E E L .  C — C a M - S H A E T .  D — S t A M P S .
PLATE 1
A woodcut  from A g r i c o l a ’ s De Re M e t a l l i c a of 
1556 showing a  w a te r -p o w e re d  stamp b a t t e r y  
f o r  c r u s h i n g  o r e .  S i m i l a r  equ ipm ent  s t i l l  
found  r e g u l a r  use  more t h a n  t h r e e  c e n t u r i e s  
l a t e r .
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a s  an e a r l y  form of d a m p -p ro o f  c o u r s e .  With a  s i m i l a r  
s t e a d y  demand f o r  l e a d  unknown s i n c e  Roman t i m e s ,  
m in in g  p r a c t i c e  adv an ced  r a p i d l y  on t h e  c o n t i n e n t  o f  
E u r o p e .  By t h e  m i d - s i x t e e n t h  c e n t u r y ,  when G e o r g iu s  
A g r i c o l a  w r o t e  h i s  g r e a t  s t u d y  Be Re M e t a l l i c a . w a t e r  
power was b e i n g  e x t e n s i v e l y  h a r n e s s e d . - T h e  e x p e r i e n c e  
g a i n e d  i n  t h e  deve lopm en t  o f  w a t e r  m i l l s  f o r  t h e  
g r i n d i n g  o f  f l o u r  was d u r i n g  t h e  l a t e r  m id d le  a g e s  
p r o g r e s s i v e l y  a p p l i e d  i n  o t h e r  f i e l d s .  W ater  w h e e l s  
po w ered  b e l l o w s  i n  s m e l t i n g  m i l l s  and hammers a t  f o r g e s .  
At t h e  mine t h e y  d ro v e  w in d in g  e n g i n e s  and pumps and by  
u s e  o f  a  cam s h a f t  t h e y  po w ered  b a t t e r i e s  o f  v e r t i c a l  
wooden s tam p s  t h a t  q u i c k l y  p u l v e r i s e d  o r e .  An exam ple  
from De Re M e t a l l i c a  i s  shown i n  P l a t e  1 .
Methods o f  w a sh in g  t h e  c r u s h e d  o re  a l s o  became more 
com plex ,  a  v a r i e t y  o f  t e c h n i q u e s  b e i n g  a d a p t e d  and 
worked i n  s e q u e n c e  t o  e x t r a c t  a s  much a s  p o s s i b l e  o f  
t h e  m i n e r a l  c o n t e n t .  I t  v/as common p r a c t i c e  d u r i n g  t h e  
s i x t e e n t h  c e n t u r y  t o  wash l e a d  o re  i n  a  t u b  of  w a t e r ,  
known i n  E n g la n d  a s  a  b o t c h i n g  t u b .  F i n e l y  b r o k e n  o re  
was s t i r r e d  and a l lo v /ed  t o  s e t t l e ;  t h e  r i c h e s t  o re  was 
h e a v i e s t  and s e t t l e d  f i r s t  t o  t h e  b o t to m  o f  t h e  t u b ,  
p o o r e r  m a t e r i a l  p r o g r e s s i v e l y  s e t t l i n g  above i t .  More 
c a r e f u l  w a sh in g  was u n d e r t a k e n  i n  a  s i e v e  h e l d  i n  a  
t u b  o f  w a t e r  and sh a k en  w i t h  some s k i l l .  As t h e  o re  
was d i s t u r b e d  t h e  h e a v i e r  m e t a l l i c  m a t e r i a l  s e t t l e d  t o  
t h e  mesh o f  t h e  s i e v e  w h i l e  t h e  w a s te  c o u l d  e a s i l y  be 
skimmed o f f .  The f i n e s t  m a t e r i a l  f e l l  t h r o u g h  t h e  mesh
A — S i e v e . B — I t s  h a n d i e s .  C — T u b . D — B o t t o m  o f  s i e v e  m a d e  o f  i r o n  w i r e s . 
E — H o o p . E — R o d s . G — H o o p s . H — W o .m a n  s h a k i n g  t h e  s i e v e . I — B o v  s u p p l v i n g  
i t  w i t h  m a t e r i a l  w h i c h  r e q u i r e s  w a s h i n g . K — M a n  w i t h  s h o v e l  r e m o v i n g  f u o .i
T H E  T U B  T H E  . M A T E R I A L  W H I C H  H A S  P A S S E D  T H R O U G H  T H E  S I E V E ,
PLATE 2
A woodcut from A g r i c o l a  i l l u s t r a t i n g  t h e  
hand w ash ing  o f  o r e .
1
H e a d  O F  B U D D L K .  H—P i p e .  C — B u d d i . e .  D —H o a r d .  E — T r a n s v e r s e  c u d d l e .  
F —S h o v e l .  G — S c r u h c e k .
PLATE 3
A woodcut from A g r i c o l a  showing t h e  use  o f  t h e  
s im p le  h u d d le  i n  which c ru s h e d  ore i s  washed 
so t h a t  l i g h t e r  w as te  i s  c a r r i e d  away.
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o f  t h e  s i e v e  and was c o l l e c t e d  from t h e  t u b  a s  a  slime,..  
The p r o c e s s  was d e v e lo p e d  so t h a t  a  l a r g e  s i e v e  was 
s u s p e n d e d  i n  w a t e r  and a g i t a t e d  by a  l e v e r ,  b u t  i t s  
p r i n c i p l e  was s t i l l  t h a t  o f  t h e  hand  p r o c e s s  i l l u s t r a t e d  
by A g r i c o l a  and  r e p r o d u c e d  i n  P l a t e  2 .  The a r r a n g e m e n t  
s p e e d e d  t h e  d r e s s i n g  of  o re  by an i n c r e a s e  i n  b a t c h  
s i z e  and was known a s  a  j i g g i n g  s i e v e ,  j i g g e r ,  o r  j i g ,  
and i t s  o p e r a t i o n  can  be s e e n  i n  P l a t e  5 .
Hand w a sh in g  o r  j i g g i n g  was b e s t  s u i t e d  t o  o re  
c r u s h e d  t o  t h e  s i z e  o f  s m a l l  g r a v e l .  S m a l l e r  m a t e r i a l  
was g e n e r a l l y  t r e a t e d  i n  b u d d i e s .  The h u d d l e ,  o f  w h ich  
t h e r e  were many v a r i e t i e s ,  was i n  e s s e n c e  t h e  o l d  G reek  
d r e s s i n g  f l o o r  b u t  b u i l t  a s  a  s h a l l o w  box t h r o u g h  w h ich  
w a t e r  c o u ld  f l o w  a t  t h e  r e l e a s e  o f  a  s l u i c e ,  and o f t e n  
s e v e r a l  were  p l a c e d  i n  s u c c e s s i o n  t o  r e t r e a t  t a i l i n g s .  
B ro k e n  o re  was f e d  a t  t h e  h e a d  o f  t h e  h u d d l e  and 
a g i t a t e d  w i t h  r a k e s  so t h a t  t h e  l i g h t e r  s t o n e y  w a s te  
m ig h t  r u n  o f f  a s  mud i n  t h e  f l o w  of  w a t e r ,  w h i l e  
m i n e r a l  p a r t i c l e s  s e t t l e d  on t h e  f l o o r  o f  t h e  h u d d l e  
b e c a u s e  o f  t h e i r  g r e a t e r  w e i g h t .  Some b u d d i e s  w ere ,  
g i v e n  r i f f l e d  or c l e a t e d  f l o o r s  t o  a s s i s t  i n  t h e  c a p t u r e  
o f  m i n e r a l s .  V/hen t h e  h u d d le  h e l d  s u f f i c i e n t  c o n c e n t r a t e  
t h e  s l u i c e  was c l o s e d  and t h e  m i n e r a l  dug o u t  f o r  
f u r t h e r  w a sh in g  t o  remove mud. W ater  from a l l  s t a g e s  
o f  p r o c e s s e s  was r u n  i n t o  a  pond where t h e  s l i m e s  
c o u l d  s e t t l e  o u t .  T h i s  was c o l l e c t e d  a t  i n t e r v a l s  and 
t r e a t e d  i n  b u d d i e s  w i t h  t h e  m a t e r i a l  from w a sh in g  t u b s  
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A "buddle as  i l l u s t r a t e d  by A g r i c o l a  i s  shown i n  
P l a t e  3, w h i l e  a  d r e s s i n g  f l o o r  where  t h i s  p a t t e r n  o f  
t r e a t m e n t  was f o l l o w e d  i n  t h e  e a r l y  n i n e t e e n t h  c e n t u r y  
may be s e e n  i n  a  p l a n  o f  t h e  S i l v e r  Band l e a d  mine i n  
Y o r k s h i r e .  ( P i g u r e  1) B u d d ie s  and w ash in g  t u b s  were o f  
t h e  t y p e  d e s c r i b e d ,  w h i l e  t h e  g r a t e s  c o n s i s t e d  o f  i r o n  
b a r s  s e t  a b o u t  h a l f  an i n c h  a p a r t  i n  t h e  w a t e r  f l o w .  
The s m a l l e r  p i e c e s  o f  m ixed  o re  and r o c k  were  washed 
t h r o u g h  t h i s  g r a t i n g  t o  s e t t l e  i n  a  p i t  w h i l e  mud was 
washed away.  The o re  was t h e n  s o r t e d  and c r u s h e d  f o r  
f u r t h e r  t r e a t m e n t ,  w i t h  t h e  r e s u l t i n g  c o n c e n t r a t e  
b e i n g  s t o r e d  f o r  sh ip m e n t  w i t h  t h e  h a n d - p i c k e d  
g a l e n a  i n  t h e  b i n g - s t e a d .
A l a r g e  volume of  w a t e r  and much s k i l l e d  l a b o u r  was 
r e q u i r e d  t o  work t h e s e  p r o c e s s e s ,  b u t  i t  was p o s s i b l e  
t o  c o n c e n t r a t e  o re  t o  a b o u t  80 p e r  c e n t  o f  l e a d  when 
d e a l i n g  w i t h  h u n d r e d s  r a t h e r  t h a n  t h o u s a n d s  of  t o n s  o f  
o re  i n  a  y e a r .  E x p a n s io n  r e q u i r e d  more w a t e r  and some 
m e c h a n i s a t i o n  which  i n  t u r n  r e q u i r e d  power;  t h i s  a l s o  
came from w a t e r  as  many m in in g  f i e l d s  were  t o o  re m o te  
from c o a l  s u p p l i e s  f o r  t h e  new s team  e n g i n e s  t o  be  
e c o n o m i c a l l y  a p p l i e d .  D u r in g  t h e  e i g h t e e n t h  and e a r l y  
n i n e t e e n t h  c e n t u r i e s  t h e  m in in g  f i e l d s  of  B r i t a i n  saw 
a  d e v e lo p m e n t  o f  w a t e r  r e s o u r c e s  w i t h  t h e  b u i l d i n g  of  
c o s t l y  s y s t e m s  o f  r e s e r v o i r s  and l e a t s  s e r v i n g  a  
number o f  m i n e s .  They powered  w a t e r  w h e e l s  and 
p r o v i d e d  w a sh in g  w a t e r ,  and as  e a c h  mine was o b l i g e d  
t o  r e t u r n  a s  much a s  p o s s i b l e  o f  t h e  w a t e r  i t  t o o k
m
A — A r k a  r a v e d  w i t h  s t o n e s  H— B r o k e n  o r e .  C— A r e a  c o v e r e d  w i t h  b r o k e n  o r e .  
D — I k o n  t o o i . .  E — 1 r s  i i a n d e e  F — B r o o m .  G — S h o r t  s t r a k e .  I f — W o o d e n  h o e .
PLATE 4
A woodcut  from A g r i c o l a  showing o re  b e in g  
b ro k e n  on paved ’k n o c k in g  s t o n e s ’ . The f l a t ,  
s q u a r e “headed  hammers ( l e t t e r e d  D) a r e  of  a 
t y p e  used  u n t i l  c o m p a r a t i v e l y  r e c e n t  y e a r s  
i n  B r i t a i n  and known as  a  b u c k e r  or 
b u c k in g  hammer.
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froiî] t h e  l e  a t ,  t h e  s u p p l y  was o f t e n  v e r y  muddy by  t h e  
end o f  t h e  s y s t e m .  Sometimes v e r y  l i t t l e  r e m a i n e d ,  and 
t h e s e  m a t t e r s  were o f t e n  t h e  s u b j e c t  o f  l i t i g a t i o n .
I n  W ales ,  Jo h n  T a y l o r  s u p e r v i s e d  t h e  b u i l d i n g  of  
s e v e r a l  l e a t s  i n  t h e  m in in g  d i s t r i c t  o f  C a r d i g a n s h i r e ,  
Over a  p e r i o d  o f  t w e n t y  y e a r s  from a b o u t  1835 c h a n n e l s  
up t o  f o u r  f e e t  wide  and two o r  t h r e e  f e e t  deep  were 
dug t o  d i v e r t  w a t e r  t o  s e r v e  m in e s  whose w h e e l s  h ad  
f r e q u e n t l y  b e e n  i d l e  f o r  l a c k  o f  s u p p l y .  The l o n g e s t  
o f  t h e s e  l e a t s  e x t e n d e d  f o r  n i n e t e e n  m i l e s  and a s  many 
a s  40 o r  50 w a t e r  w h e e l s  c o u ld  r e c e i v e  w a t e r .  D i s p u t e s  
a r o s e  f r e q u e n t l y ,  mine m an ag ers  t o w a rd  t h e  end o f  t h e  
sy s te m  c o m p l a i n i n g  t h a t  t h o s e  h i g h e r  up had  drawn 
e x c e s s i v e  s u p p l i e s  and f a i l e d  t o  r e t u r n  t h e  f u l l  
am ou n t , b u t  t h i s  deve lop m en t  d i d  a l l o w  t h e  pumping and 
w o rk in g  of  m in es  t h a t  m ig h t  o t h e r w i s e  have  b e e n
5
ab an d o n n e d .
C o s t s  and c o n t i n u i n g  s h o r t a g e  i n  d r y  s e a s o n s  
e n c o u r a g e d  i n v e s t m e n t  i n  m a c h in e r y  f o r  c o n c e n t r a t i o n  
t h a t  was o f t e n  i n s t a l l e d  i n  p u r p o s e - b u i l t  m i l l s  a t  t h e  
b e s t  p r o v i d e d  s i t e s .  I n  t h e  days  o f  A g r i c o l a  w a t e r  
w h e e l s  powered  stamp b a t t e r i e s  f o r  c r u s h i n g .  By t h e  
e a r l y  n i n e t e e n t h  c e n t u r y  t h e y  were  a l s o  p o w e r in g  t h e  
e r e  c r u s h i n g  r o l l s ,  h e a v y  i r o n  c y l i n d e r s  g e a r e d  t o  
t u r n  t o g e t h e r  as  t h e  o re  was c r u s h e d  b e tw e e n  th e m .  
R o l l s  p r o d u c e d  more e v e n l y  s i z e d  p a r t i c l e s  t h a n  d id  
s t a m p s ,  and a s e r i e s  of r o l l s  s e t  t o  p r o g r e s s i v e l y  
s m a l l e r  c r u s h i n g  s i z e s  c o u ld  r e d u c e  a  f e e d  o f  f i s t
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s i z e d  r o c k s  t o  sand  and g r a v e l  w h i l e  p r o d u c i n g  l e s s  o f  
t h e  t r o u b l e s o m e  s l i m e s  t h a n  c o u l d  any p r e v i o u s  m e th o d .  
T h e i r  s p r e a d  was r a p i d  and t h e  i n c r e a s e  i n  t h e  s i z e  o f  
r o l l s ,  from a  maximum d i a m e t e r  o f  24 i n c h e s  t o  more 
t h a n  t w i c e  t h a t  by  t h e  end of  t h e  c e n t u r y ,  w i t h  a 
m a t c h i n g  i n c r e a s e  i n  t h e  sp e e d  o f  r o t a t i o n ,  was a  
m a jo r  f a c t o r  p e r m i t t i n g  t h e  e f f i c i e n t  d r e s s i n g  o f  
l a r g e  q u a n t i t i e s  o f  c o m p a r a t i v e l y  low g ra d e  o r e s . ^
C r u s h i n g  r o l l s  d id  n o t  c o m p l e t e l y  d i s p l a c e  t h e  stamp 
from t h e  f a v o u r  o f  m in in g  e n g i n e e r s .  Stamp b a t t e r i e s  
were t r u s t e d  and r e l i a b l e ,  and were t h e m s e l v e s  im p ro v e d .  
The C a l i f o r n i a  s tam p ,  so named f o r  i t s  o r i g i n  d u r i n g  
t h e  g o l d  r u s h  o f  t h e  1840s and ’ 5 0 s ,  was f i t t e d  w i t h  
an i r o n  shoe  which  f e l l  on an i r o n  d i e  and t h e  l i f t i n g  
cam so a r r a n g e d  t h a t  t h e  s h a f t  t u r n e d  a  l i t t l e  a t  e ach  
r i s e  and f a l l  i n  o r d e r  t o  e q u a l i s e  w e a r .  Making t h e  
s tamp e n t i r e l y  o f  i r o n  i n  w e i g h t s  o f  b e tw e e n  600 and 
800 pounds  f u r t h e r  sp e e d e d  c r u s h i n g .  The f e e d i n g  o f  
s ta m p s  was a l s o  im p ro v e d ,  t h e  l a b o u r e r  and h i s  s l e d g e  
hammer b e i n g  r e p l a c e d  a t  l a r g e r  m ines  by  t h e  jaw 
c r u s h e r  w h ich  q u i c k l y  b r o k e  l a r g e  r o c k s  down t o  an 
a c c e p t a b l e  s i z e .  I n  t h e  e a r l y  days  i n  C a l i f o r n i a  power 
was o f t e n  s u p p l i e d  by w a t e r  w h e e l s ,  b u t  l a t e r  stamp 
b a t t e r i e s  h a d  t o  c r u s h  much l a r g e r  vo lu m es  o f  r o c k  as  
t h e  s c a l e  o f  m in in g  grew and s team  e n g i n e s  were  t h e n  
i n s t a l l e d .
Steam power was a l s o  a p p l i e d  d i r e c t l y  t o  t h e  stamp 
t o  make a p o w e r f u l  c r u s h i n g  m ach ine  t h a t  f o u n d  wide use
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i n  m i l l s  o f  t h e  Lake S u p e r i o r  c o p p e r  f i e l d ,  w h i l e  
t o w a r d  t h e  end of  t h e  c e n t u r y  f u r t h e r  c r u s h i n g  d e v i c e s  
were  a d o p te d  from t h e  cement and o t h e r  i n d u s t r i e s .  The 
t u b e  m i l l  c o n s i s t e d  o f  a  l a r g e  i r o n  c y l i n d e r  w i t h i n  
w hich  t h e  o r e  was c r u s h e d  by  h e a v y  i r o n  r o d s  a s  t h e  
c y l i n d e r  r e v o l v e d .  The b a l l  m i l l  u se d  i r o n  b a l l s  t h e  
same way.  T h ese  m i l l s  were  c a p a b l e  o f  h i g h  c r u s h i n g  
r a t e s  and p r o d u c e d  t h e  e v e n l y  s i z e d  f i n e  f e e d  w hich  
came t o  be i n c r e a s i n g l y  f a v o u r e d  as  d r e s s i n g  and 
s e p a r a t i o n  t e c h n i q u e s  were im p r o v e d .
S l im e  t r e a t m e n t  was an  o b v io u s  and e a r l y  c a n d i d a t e  
f o r  im p ro v e m e n t .  I n  t h e  e a r l y  y e a r s  of  t h e  n i n e t e e n t h  
c e n t u r y  t h e  s l i g h t l y  c o n i c a l  r o u n d  h u d d le  b e g a n  t o  
d i s p l a c e  t h e  o l d e r  t y p e s  a s  i t  c o u ld  t r e a t  t h r e e  t i m e s  
t h e  q u a n t i t y  o f  s l i m e s ,  up t o  a b o u t  t w e l v e  t o n s  d a i l y ,  
and p r o d u c e  a  c l e a n e r  c o n c e n t r a t e  w i t h  l e s s  s u p e r v i s i o n .  
S l im e s  were  d e p o s i t e d  i n  a  s t r e a m  of  w a t e r  a t  t h e  
c e n t r e  o f  a  low c o n i c a l  p l a t f o r m  of  s t o n e  o r  t i m b e r .  
R o t a t i n g  arms w i t h  w i p e r s  s p r e a d  t h e  m a t e r i a l  e v e n l y  
so t h a t  t h e  h e a v i e r  m i n e r a l  c o n t e n t  c o u ld  s e t t l e  o u t  on 
t h e  s l o p e  w h i l e  t h e  w a s te  was washed down t o  a  t r o u g h  
a b o u t  t h e  b a s e .  ( P l a t e  6) As t h e  ro u n d  h u d d le  was 
d e v e l o p e d ,  i t  became a  f u l l y  m e c h a n i s e d  d e v i c e  c a p a b le  
o f  c o n t i n u o u s  o p e r a t i o n  when i n t e g r a t e d  i n t o  a  
d r e s s i n g  m i l l .
To wash t h e  l a r g e r  m a t e r i a l  t h e  j i g g e r  was a l s o  
m e c h a n i s e d .  C rushed  and g r a d e d  o re  v/as f e d  i n t o  s i e v e s  
s u s p e n d e d  i n  b a t h s  o f  w a t e r .  These  were g i v e n  an ev en
PLATE 5 C ru sh ing  ore  by hand a t  a  Mexican
s i l v e r  mine a b o u t  1910, and (be low) 




PLATE 6 The working  of  a t r a d i t i o n a l  h u d d le
a t  a Mexican s i l v e r  m ine ,  and (below) 
a m echan ised  ro u n d  h u d d le  ab o u t  t e n  
f e e t  i n  d i a m e t e r .
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s h a k i n g  a c t i o n  from d r i v i n g  s h a f t s ,  o r  t h e  w a t e r  was 
a g i t a t e d  t o  s t r a t i f y  t h e  o re  a c c o r d i n g  t o  s p e c i f i c  
g r a v i t y .  At f i r s t  t h e  s i e v e s  h a d  t o  he skimmed and 
e m p t i e d  hy  h a n d ,  b u t  l a t e r  t h i s  t o o  was m e c h a n i s e d ,  a s  
was t h e  s i z i n g  and f e e d i n g  o f  g r a d e d  o re  w h ich  made 
p o s s i b l e  t h e  c o n t i n u o u s  o p e r a t i o n  o f  m i l l i n g .  The 
p r i n c i p l e  o f  t h e  j i g g e r  was a l s o  c o u p le d  w i t h  
c o n t i n u o u s  o p e r a t i o n  t o  p r o d u c e  t h e  s h a k i n g  t a b l e  and 
t h e  v a n n i n g  m a c h in e ,  w hich  t r e a t e d  m a t e r i a l  i n t e r ­
m e d i a t e  i n  s i z e  b e tw e e n  t h e  f e e d  t o  t h e  j i g g e r s ,  which  
was from f - i n c h  down t o  1 / 1 6 - i n c h  d i a m e t e r ,  and t h e  
s l i m e s .
The sha lc ing  t a b l e  c o n s i s t e d  of  a  s h a l l o w  box i n  
which  t h e  o re  p u l p  was v i b r a t e d  t o  make t h e  m i n e r a l  
s e t t l e  o u t .  Waste was skimmed from t h e  t o p  by  h an d  and 
when s u f f i c i e n t  c o n c e n t r a t e  h a d  b e e n  c o l l e c t e d  t h e  
t a b l e  v/as s to p p e d  and e m p t i e d .  The v a n n e r ,  w hich  
e n jo y e d  g r e a t  i f  b r i e f  p o p u l a r i t y  i n  t h e  l a t e r  y e a r s  
o f  t h e  n i n e t e e n t h  c e n t u r y ,  a p p l i e d  v i b r a t i o n  t o  t h e  o re  
p u l p  a s  i t  t r a v e l l e d  on an e n d l e s s  b e l t .  The p u lp  was 
s t r a t i f i e d  and t h e  l i g h t e r  w a s t e  on t o p  e i t h e r  washed 
away by  j e t s  o f  w a t e r  or  s e p a r a t e d  by v i b r a t i o n  as  t h e  
p u l p  c l im b e d  a  g e n t l e  s l o p e .  V a r i a t i o n s  on t h e  v a n n e r  
were e n d l e s s  and some v e r y  e f f i c i e n t ,  b u t  i t  v/as 
e c l i p s e d  by im p rov em en ts  i n  t a b l e  d e s i g n .
By t h e  end o f  t h e  c e n t u r y  t h e  v i b r a t i n g  t a b l e  had  
i t s e l f  b e e n  e v o lv e d  i n t o  an a t t r a c t i v e  c o n t i n u o u s  
p r o c e s s .  I t  v/as fo u n d  t h a t  t h e  c o n v e n t i o n a l  s h a k i n g
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t a b l e  c o u ld  p r o d u c e  a  b e t t e r  c o n c e n t r a t e  i f  r i f f l e s  
were  c u t  i n  i t s  s u r f a c e  and su d den  s h o c k s  g i v e n  r a t h e r  
t h a n  a  s t e a d y  v i b r a t i o n .  The f e e d  r e m a in e d  a  t h i c k  p u lp  
o f  f i n e  p a r t i c l e s ,  and a  bumping a c t i o n  c a u se d  t h e  
h e a v y  m i n e r a l  p a r t i c l e s  t o  s e t t l e  more e a s i l y .  The 
r i f f l e s  b e t t e r  t r a p p e d  them once t h e y  had  s e t t l e d  o u t  
and p r e v e n t e d  t h e i r  m ix in g  a g a i n  w i t h  t h e  w a s t e ,  j u s t  
a s  t h e y  h a d  on t h e  G reek  d r e s s i n g  f l o o r s .  At f i r s t  t h i s  
was worked as  a  b a t c h  p r o c e s s  w i t h  t h e  t a b l e  b e i n g  
s t o p p e d  and c l e a r e d  when t o o  much m i n e r a l  was f o u n d  
e s c a p i n g  w i t h  t h e  w a s t e .  C o n t in u o u s  o p e r a t i o n  came 
most  e a s i l y  by a p p l y i n g  t h e  bumping i n  one d i r e c t i o n  
o n l y .  The h e a v i e r  m e t a l l i c  c o n t e n t  was t h u s  t h ro w n  
f u r t h e r  a t  e a c h  bump t h a n  t h e  w a s t e  and c o u ld  be 
c o l l e c t e d  from a  s e p a r a t e  d i s c h a r g e  w h i l e  t h e  w a s t e  
r a n  o f f  w i t h  t h e  v /a te r  f l o w .
The c o m b i n a t i o n  by A r t h u r  W i l f l e y  o f  a  r i f f l e d  
s u r f a c e  and an im proved  bumping a c t i o n  p r o d u c e d  t h e  
W i l f l e y  t a b l e  which  p r o v e d  so s u c c e s s f u l  i n  t h e  t e n  
y e a r s  a f t e r  i t s  i n t r o d u c t i o n  i n  1896 t h a t  P r o f e s s o r  
R .H .  R i c h a r d s  f e l t  o b l i g e d  t o  r e w r i t e  l a r g e  p a r t s  o f
7
h i s  book  on Ore Dr e s s i n g . The W i l f l e y  t a b l e  u s e d  
g r a d u a l l y  s h a l l o w i n g  r i f f l e s  t o  h e l p  g ra d e  p a r t i c l e s  
by  s i z e  b e f o r e  t h e y  were  s e p a r a t e d  by  w e i g h t ,  t h u s  
p r o d u c i n g  a  c l e a n e r  c o n c e n t r a t e  w i t h  s m a l l e r  l o s s e s .
I t  q u i c k l y  t o o k  ove r  f rom j i g g e r s  t h e  t r e a t m e n t  o f  
f i n e  sa n d s  b u t  was l e s s  e f f e c t i v e  i n  d e a l i n g  w i t h  
s l i m e s .  The v a n n e r  r e t a i n e d  much o f  i t s  p o p u l a r i t y .
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and a  v a r i e t y  o f  d e v i c e s  a p p e a r e d  t o  improve  and 
f u r t h e r  m e c h a n i s e  t h e  h u d d l e ,  h u t  none of  t h e s e  s o l v e d  
t h e  b a s i c  p ro b lem  t h a t  s l i m e s  were n o t  s u i t e d  t o  
g r a v i t y  t e c h n i q u e s .  The b e s t  o v e r a l l  r e s u l t s  were 
o b t a i n e d  by  t h e  improvement  and e f f i c i e n t  a p p l i c a t i o n  
o f  c l a s s i f i e r s  t o  m axim ise  r e c o v e r y  of  s a n d s  from wet 
s l i m e s .  T h ese  were c o u p le d  w i t h  t h i c k e n e r s  t o  d r a i n  
l i q u i d  from t h e  p u lp  and r e n d e r  i t  t o  an i d e a l  c o n s i s t ­
en cy  f o r  s e p a r a t i o n .
T h i s  m a c h in e r y  r e q u i r e d  h o u s i n g  and p o w er .  I t  a l s o  
h a d  t o  be p r o v i d e d  w i t h  a  c o n t i n u o u s  f e e d ,  w e l l  g r a d e d  
by  s i z e ,  and t o  be a r r a n g e d  so a s  t o  p r o v i d e  a  f l o w  
from one t r e a t m e n t  t o  t h e  n e x t .  The r e s u l t  v/as t h e  
f a m i l i a r  d e s i g n  o f  o re  d r e s s i n g  m i l l ,  o f t e n  b u i l t  on 
t h e  s l o p e  of  a  h i l l  and u s i n g  g r a v i t y  t o  move t h e  p u lp  
a l o n g .  I t  was a l s o  p r e f e r a b l e  t o  have  s e v e r a l  s e t s  of  
c r u s h e r s  and w a s h e r s  r u n n i n g  i n d e p e n d e n t l y  t o  m in im is e  
t h e  e f f e c t s  o f  a  m e c h a n i c a l  b rea k d o w n .  An exam ple  of  a  
d r e s s i n g  m i l l  where c r u s h i n g  r o l l s ,  j i g g e r s ,  s h a k i n g  
t a b l e s  and b u d d i e s  were  o p e r a t e d  by a  s i n g l e  w a t e r  
wheel  was p a t e n t e d  by George G reen  i n  1871 and i s  
shown i n  F i g u r e  2 .  Green  d e s i g n e d  h i s  s e l f - a c t i n g  m i l l  
t o  use  h i s  own p a t e n t e d  d r e s s i n g  m a c h in e r y  p r o d u c e d  by 
t h e  A b e r y s tw y th  F o u n d ry ,  and su c h  a  m i l l  was b u i l t  a t  
t h e  Rhoswydol l e a d  mine i n  M o n tg o m e r y s h i r e .
T h i s  i s o l a t e d  mine h a d  a  f i t f u l  h i s t o r y  d a t i n g  
p e r h a p s  from t h e  t w e l f t h  c e n t u r y ,  b u t  was r e o p e n e d  i n  
1868 by a  Glasgow company who b u i l t  a  l a r g e  m i l l
G e o r g c  GRec-Kt's  P a t e n t  S e l f - a c t i n g  
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powered  by a  4 5 - f o o t  d i a m e t e r  w a t e r  w h e e l .  A l th o u g h  a 
few h u n d r e d  t o n s  o f  o re  were s o l d ,  p r o d u c t i o n  f e l l  
away t o  n o t h i n g  by 1872 and much ’ a c r i m o n i o u s  c o r r e s ­
pondence  e n s u e d  i n  t h e  m in in g  p r e s s  b l a m in g  G r e e n s ’ 
n e w - f a n g l e d  m a c h i n e r y ’ . The p r o b le m s  seem t o  h a v e  b e e n  
s o l v e d ,  f o r  a b o u t  700 t o n s  o f  o re  were p r o d u c e d  b e tw ee n  
1873 and 1877 when t h e  mine f i n a l l y  c l o s e d . ^
B r i t i s h  m e t a l l i f e r o u s  m in in g  was i n  r a p i d  d e c l i n e  
i n  t h e  l a t t e r  p a r t  o f  t h e  n i n e t e e n t h  c e n t u r y ,  j u s t  as 
t h e  s c a l e  o f  m i l l i n g  was i n c r e a s i n g .  The r e a s o n s  were 
n o t  s i m p ly  econ o m ic ,  f o r  many l a r g e  and w e l l  e q u ip p e d  
m i l l s  were  b u i l t  i n  B r i t a i n .  More s i g n i f i c a n t  was t h e  
t y p e  o f  o r e  b e i n g  t r e a t e d .  M in ing  i n  B r i t a i n  and  much 
o f  E urope  h ad  t r a d i t i o n a l l y  e x p l o i t e d  r i c h  v e i n o u s  
d e p o s i t s .  D u r in g  t h e  l a t e r  n i n e t e e n t h  c e n t u r y  t h e s e  
were  e c l i p s e d  i n  volume and c h e a p n e s s  o f  w o r k in g  by 
t h e  low g r a d e  b u t  much l a r g e r  d e p o s i t s ,  p a r t i c u l a r l y  
o f  s u l p h i d e  o r e s ,  w h ich  were b e i n g  e x p l o i t e d  i n  t h e  
new m in in g  f i e l d s  o f  A u s t r a l i a  and  t h e  U n i t e d  S t a t e s .
Such a  t r a n s f o r m a t i o n  h a d  a l r e a d y  t a k e n  p l a c e  i n  t h e  
C a l i f o r n i a  g o l d  f i e l d s .  A l th o u g h  t h e  ’ f o r t y - n i n e r s '  o f  
t h e  g o l d  r u s h  h a d  s u c c e s s f u l l y  u s e d  r o c k i n g  j i g g e r s  
and l o n g  s l u i c e s  w i t h  r i f f l e d  f l o o r s  t o  work r i c h  
a l l u v i a l  d e p o s i t s ,  r o c k  m in in g  g r a d u a l l y  g a i n e d  i n  
i m p o r t a n c e .  D r e s s i n g  e n t a i l e d  c r u s h i n g  by jaw b r e a k e r  
and s tamp b a t t e r i e s ,  which  h e l d  m e rc u ry  i n  t h e i r  
m o r t a r s  f o r  t h e  a m a lg a m a t io n  o f  f r e e  g o l d ,  f o l l o w e d  
by  c o n c e n t r a t i o n  p r i o r  t o  s m e l t i n g  u s i n g  v a n n e r s or
A — C l o t h  f c i . l  o f  s m a l l  k n o t s ,  s f k e a d  o u t .  B — S m a l l  k n o t s  m o r e  c o n s p i c u o u s l y  
S H O W N .  C— T u b  i n  w h i c h  c l o t h  i s  w a s h e d .
PLATE 7
A b l a n k e t  t a b l e  as  i l l u s t r a t e d  by A g r i c o l a .  
S i m i l a r  t a b l e s  were used  on a l a r g e  s c a l e  a t  
m ines  on t h e  Comstock Lode i n  Nevada and a t  
Sou th  A f r i c a n  g o ld  m ines  i n  t h e  l a t e  
n i n e t e e n t h  c e n t u r y .
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b l a n k e t - c o v e r e d  t a b l e s  o f  a  t y p e  known t o  A g r i c o l a .  
( P l a t e  7) R e c o v e r y  r a t e s  v a r i e d  from l e s s  t h a n  70 t o  
more t h a n  90 p e r  c e n t ,  t h e  w o r s t  r e s u l t s  b e i n g  o b t a i n e d  
from o r e s  where  t h e  g o l d  was f i n e l y  s p r e a d  t h r o u g h  t h e  
r o c k  i n  t h e  p r e s e n c e  o f  s u l p h i d e s .
An o re  w e l l  s u i t e d  t o  g r a v i t y  m ethods  was t h a t  of  
t h e  Lake s u p e r i o r  n a t i v e  c o p p e r  f i e l d  i n  M i c h ig a n .
T h ere  t h e  c o p p e r  was fo u n d  as  f r e e  m e t a l  e n c l o s e d  
w i t h i n  r o c k ,  and p r e l i m i n a r y  s l e d g i n g  and h a n d  s o r t i n g  
was a  p r a c t i c a l  p r o p o s i t i o n  a s  l a r g e  n u g g e t s  were  t o  be  
f o u n d .  The r e m a i n i n g  o re  was c r u s h e d  t o  p a s s  t h r o u g h  a  
3 / 1 6 - i n c h  mesh by s team  d r i v e n  s tam p s  and c l a s s i f i e d  
a c c o r d i n g  t o  p a r t i c l e  s i z e .  T hese  s i z e d  p u l p s  were  
t r e a t e d  s e p a r a t e l y  i n  a  s e r i e s  o f  m e c h a n i s e d  j i g g e r s
Q
• u n t i l  e i t h e r  c o p p e r  o r  p a t : i e n c e  was worn aw ay’ The
W i l f l e y  t a b l e  h e l p e d  i n  t h e  t r e a t m e n t  o f  f i n e  à a n d s  and
t h e  r e t r e a t m e n t  o f  t a i l i n g s ,  and i t s  u se  a t  t h e  B a l t i c
m i l l  b u i l t  i n  1900 i s  shown i n  P i g u r e  3 .  T h i s  m i l l  v/as
e q u ip p e d  w i t h  f o u r  s team  s tam p s  e ach  f e e d i n g  24 j i g g e r s
and t h e i r  t a b l e s .  I t  was c a p a b l e  o f  t r e a t i n g  o ve r
2 7 3 ,0 0 0  t o n s  o f  r o c k  a n n u a l l y  and p r o d u c e d  some 4 ,0 0 0
t o n s  o f  c o n c e n t r a t e  c o n t a i n i n g  a b o u t  70 p e r  c e n t  of  
10c o p p e r .  O v e r a l l  r e c o v e r y  r a t e s  were  b e tw e e n  90 and 
95 p e r  c e n t .
The B a l t i c  was a  v e r y  e f f i c i e n t  m i l l  i n c o r p o r a t i n g  
t h e  b e s t  a v a i l a b l e  g r a v i t y  c o n c e n t r a t i o n  m a c h i n e r y .
A s i m i l a r  m i l l  was b u i l t  i n  t h e  l a t e  1880s by  t h e  
Broken  H i l l  P r o p r i e t a r y  Company l a c k i n g  o n l y  t h e
T h e  B a l t i c  c o p p e r  m i l l  , L ake  S u p e r i o r  ISOO
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t a b l e 8, b u t  was l e s s  s u c c e s s f u l  s i n c e  t h e  o r e s  t o  be
t r e a t e d  were  a  complex m i x t u r e  o f  l e a d ,  z i n c  a n d  s i l v e r
s a l t s .  The e a r l y  w o rk in g s  a t  B ro k en  H i l l  e x p l o i t e d  l e a d
c a r b o n a t e  from w e a t h e r e d  d e p o s i t s  c l o s e  t o  t h e  s u r f a c e .
T h i s  was s m e l t e d  t o  g i v e  s i l v e r - l e a d  i n g o t s  which  were
l a t e r  d e s i l v e r e d  by c u p e l l a t i o n .  I n  t h e  e a r l y  d r e s s i n g
m i l l s  t h e  o re  was c r u s h e d  by s team  s tam ps  and c l a s s i f i e d
f o r  t r e a t m e n t  i n  j i g g e r s ,  w i t h  t h e  f i n e  s a n d s  g o in g  t o
b u d d i e s .  The l i m i t e d  e f f i c i e n c y  was i n  p a r t  due t o  l a c k
o f  w a t e r  i n  t h i s  a r i d  r e g i o n  o f  Hew S o u th  W ales ,  f o r
some 3 0 ,0 0 0  g a l l o n s  d a i l y  were n e e d e d  t o  t r e a t  up t o
200 t o n s  o f  o r e .  More i m p o r t a n t ,  t h e  s team  s tam p s
p ro d u c e d  t o o  much o f  t h e  s l i m e  which  p a s s e d  t h r o u g h  t h e
m i l l  r e t a i n i n g  i t s  m e t a l  c o n t e n t .  S u l p h i d e  o r e s  were
fo u n d  as  t h e  m ines  were d e ep e n e d  and t h e s e  p r o v e d  so
i n t r a c t i b l e  when f i r s t  e n c o u n t e r e d  t h a t  t h e y  were  l e f t
11as  v a l u e l e s s  dead s  i n  t h e  m in e .
The l a k e  S u p e r i o r  m i l l s  h a d  o n ly  ’ t o  s e p a r a t e  one
v a l u a b l e  m i n e r a l  of  h i g h  s p e c i f i c  g r a v i t y  from
w o r t h l e s s  m a t e r i a l  o f  low s p e c i f i c  g r a v i t y .  The B roken
H i l l  o r e ,  on t h e  o t h e r  h a n d ,  was r e m a r k a b l y  complex
and demanded t h e  s e p a r a t i o n  o f  v a r i o u s  v a l u a b l e  m i n e r a l s
d i f f e r i n g  b u t  c o m p a r a t i v e l y  s l i g h t l y  i n  s p e c i f i c  g r a v i t y
as  w e l l  as  t h e  e l i m i n a t i o n  o f  t h e  l i g h t e r  w o r t h l e s s  
1Pm a t t e r ’ . A h i g h  z i n c  c o n t e n t  was a  s e r i o u s  i m p u r i t y  
i n  l e a d  c o n c e n t r a t e ,  f o r  w h ich  t h e  s m e l t e r s  p a i d  a  
lo w e r  p r i c e  a s  t h e y  c o u ld  n o t  r e c o v e r  t h e  z i n c .  The 
z i n c  b l e n d e  s e p a r a t e d  from t h e  l e a d  i n  t h e  m i l l  went
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t o  w a s t e  w i t h  t h e  t a i l i n g s  as  i t  was fo u nd  t o o  
e x p e n s i v e  t o  c o n c e n t r a t e  s u b s e q u e n t l y ,  t h e  b l e n d e  
b e i n g  o f  a lm o s t  t h e  same s p e c i f i c  g r a v i t y  a s  t h e  r o c k  
i n  w h ich  i t  was f o u n d .  The r e s u l t  was a  s e r i e s  o f  
w a s t e  dumps h o l d i n g  m i l l i o n s  o f  t o n s  o f  z in c  o r e s  
a w a i t i n g  a  means o f  c o n c e n t r a t i o n .  T h a t  means was 
t o  be  f l o t a t i o n .
C hem ica l  e x t r a c t i o n  so m e t im es  o f f e r e d  an a l t e r n a t i v e  
t o  g r a v i t y  m e th o d s .  F i n e l y  d i s p e r s e d  d e p o s i t s  o f  g o l d  
and s i& v e r  were more e a s i l y  r e c o v e r e d  by  g r i n d i n g  and 
a m a lg a m a t io n  t h a n  by p h y s i c a l  s e p a r a t i o n ,  b u t  t h e  use  
o f  m e r c u r y  b r o u g h t  p ro b le m s  of  i t s  own. I t  was an 
e x p e n s i v e  m a t e r i a l  and l o s s e s  h a d  t o  be m i n i m i s e d .
I n  t h e  c a s e  o f  P e r k e s ’ huge g o l d  r e d u c t i o n  and amalgam­
a t i n g  m ach ine  which  was i n s t a l l e d  a t  t h e  Red Dragon  
mine i n  M e r i o n e t h s h i r e  i n  1854, more m e rc u ry  was l o s t
i n  o p e r a t i o n  t h a n  t h e  v a l u e  o f  g o l d  r e c o v e r e d  c o u l d  
1 3r e p a y .  Much more s a t i s f a c t o r y  were t h e  l a r g e  m i l l s  
b u i l t  i n  t h e  w e s t e r n  U n i t e d  S t a t e s ,  p a r t i c u l a r l y  t h o s e  
o f  t h e  Comstock Lode i n  Nevada where  mixed s u l p h i d e  
o r e s  were r i c h  i n  g o l d  and s i l v e r .  The m ain  p rob lem  
h e r e  l a y  w i t h  t h e  s u l p h i d e s  w h ich  t e n d e d  t o  p o i s o n  t h e  
m e r c u r y ,  c a u s i n g  i t  t o  b r e a k  up i n t o  s m a l l  d r o p l e t s  
t h a t  were t o o  e a s i l y  l o s t  w i t h  t h e  t a i l i n g s .  T h i s  was 
c o u n t e r e d  i n  two ways,  l a t e r  by r o a s t i n g  t o  b r e a k  down 
t h e  s u l p h i d e s  a s  was done p r i o r  t o  s m e l t i n g ,  b u t  i n  t h e  
e a r l y  d ays  o f  t h e  Nevada m ines  by a  p r o c e s s  d e v e lo p e d  
i n  t h e  Washoe V a l l e y  be low  V i r g i n i a  C i t y .
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The Washoe p r o c e s s  as  i t  was worked a t  t h e  C h o l l a r  
m i l l  i n  Nevada i n  t h e  l a t e  1870s e n t a i l e d  t h e  f i n e  
c r u s h i n g  o f  o r e  b e f o r e  i t s  t r e a t m e n t  i n  a m a lg a m a t in g  
p a n s .  T h ese  were o f  i r o n ,  e a c h  h o l d i n g  a b o u t  3 ,0 0 0  
p ounds  o f  o r e  p u l p ,  and w i t h i n  them h e av y  i r o n  s h o e s  
o r  ’m u l l e r s ’ r e v o l v e d  on i r o n  d i e s  t o  c r u s h  f u r t h e r  t h e  
p u l p  and remove  any e n c l o s i n g  s h e l l  o f  r o c k .  The p u l p  
was warmed by  p a s s i n g  s team  t h r o u g h  a  d o u b le  b o t to m  o f  
t h e  pan  and  t h i n n e d  t o  t h e  r e q u i r e d  c o n s i s t e n c y .  A f t e r  
two h o u r s :
some 300 pounds  o f  q u i c k s i l v e r  a r e  a d d e d ,  a l s o  a  
c e r t a i n  q u a n t i t y  o f  s a l t  and s u l p h a t e  o f  c o p p e r ;  
and so m e t im e s  s o d a  or  c a u s t i c  p o t a s h  and o t h e r  
c h e m i c a l s ,  i f  t h o u g h t  n e c e s s a r y ,  v/hen t h e  a g i t a t i o n  
i n  t h e  p a n  i s  c o n t i n u e d  two h o u r s  l o n g e r .
D u r in g  t h i s  t i m e  c h e m ic a l  r e a c t i o n s  t o o k  p l a c e  g i v i n g  
s i l v e r  c h l o r i d e  which  c o u ld  be a m a lg a m a ted .  The C h o l l a r  
m i l l  had  30 p a n s  and on a  p l a t f o r m  be low  were  f i f t e e n  
s e t t l i n g  t a n k s ,  e ac h  a b o u t  s i x  f e e t  s q u a r e  and t h r e e  
f e e t  d e e p .  The c o n t e n t s  o f  two p an s  were  drawn o f f  i n t o  
e a c h  and w a t e r  added  t o  t h i n  t h e  p u l p .  M ercu ry  and 
amalgam s e t t l e d  o u t  and were  c o l l e c t e d  t o  be s t r a i n e d  
t h r o u g h  a  c a n v a s  bag  w hich  was i n s i d e  a  lo ck ed  b o x .  The 
’mere muddy w a t e r ’ r e m a i n i n g  i n  t h e  t a n k s  was r u n  i n t o  
l a r g e  wooden t u b s  and a g i t a t e d  t o  r e c o v e r  some of  t h e  
d r o p l e t s  o f  m e rc u ry  t h a t  were  i n  p a r t  due t o  s u l p h i d e  
c o n t a m i n a t i o n .  The w a s t e  t h e n  f lo w e d  from t h e  m i l l  t o
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blazLket s l u i c e s  f i f t y  y a r d s  away. T h ese  w e re :
b r o a d ,  s h a l l o w  f lu m e s  i n  t h e  b o t to m  of  w h ich  were
p l a c e d  s t r i p s  o f  c o a r s e  w o o l l e n  b l a n k e t i n g .  I n
p a s s i n g  o v e r  t h e s e  b l a n k e t s  t h e  p u l p  d e p o s i t s
p u l v e r i s e d  i r o n  p y r i t e s  c o n t a i n i n g  g o l d ,  some f i n e
p a r t i c l e s  o f  amalgam and q u i c k s i l v e r ,  a l s o  some
s i l v e r  s u l p h u r e t s a s  e s c a p e  b e i n g  am algam ated  i n
t h e  p a n s .  From t im e  t o  t im e  t h e  b l a n k e t s  a r e  t a k e n
o u t  o f  t h e  s l u i c e s  and r i n s e d  i n  a  l a r g e  t a n k ,  i n
which  o p e r a t i o n  i s  s a v e d  w h a t e v e r  o f  v a l u e  t h e y
1 5may h av e  c a u g h t .
I n  Nevada a t  t h i s  t im e  r e c o v e r i e s  o f  a s s a y e d  s i l v e r
r a n g e d  from as  low a s  50 t o  more t h a n  80 p e r  c e n t .
V a r i o u s  s y s te m s  o f  l e a c h i n g  t a i l i n g s  were  d e v i s e d
and i n  c o p p e r  m i l l i n g  i t  became common p r a c t i c e  t o
r e c o v e r  d i s s o l v e d  s u l p h a t e s  by p a s s i n g  w a s h in g  w a t e r
o v e r  i r o n  s h a v i n g s ,  b u t  more i m p o r t a n t  was t h e
i n v e n t i o n  o f  t h e  c y a n id e  p r o c e s s .  ’The d i s c o v e r y  of
t h e  f a c t  t h a t  t h e  d i l u t e  s o l u t i o n  o f  p o t a s s i u m  c y a n i d e
i s  a  s o l v e n t  f o r  n a t u r a l  g o l d  r a n k s  among t h e  m ost
r e m a r k a b l e  d i s c o v e r i e s  o f  t h e  n i n e t e e n t h  c e n t u r y  i n
16m e t a l l u r g i c a l  s c i e n c e ’ , and i s  c r e d i t e d  t o  
J . S .  M acA r th u r ,  R.W. and W. F o r r e s t ,  who worked i n  
Glasgow. T h e i r  f i r s t  p a t e n t  o f  1887 d e s c r i b e d  t h e  use  
o f  a  weak s o l u t i o n  o f  p o t a s s i u m  c y a n id e  t o  d i s s o l v e  
g o l d  or  s i l v e r .  T h e i r  s e c o n d  a  y e a r  l a t e r  a d v i s e d  
u s i n g  l im e  t o  r e n d e r  t h e  o re  p u l p  n e u t r a l  b e f o r e
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c y a n i d a t i o n ,  and t h e  p r e c i p i t a t i o n  o f  t h e  r e c o v e r e d
1 7g o l d  by p a s s i n g  t h e  s o l u t i o n  o v e r  z i n c  s h a v i n g s .
The f i r s t  w o rk in g  c y a n id e  p l a n t  was b u i l t  i n  New 
Z ea la n d  i n  1889, b u t  t h e  p r o c e s s  fo u n d  i t s  f i r s t  m a jo r  
a p p l i c a t i o n  on t h e  Rand g o l d f i e l d s  of  Sou th  A f r i c a .  
D i s c o v e r e d  i n  1885, t h e s e  o r e s  c o n s i s t e d  of  a l a r g e  
body of  s u l p h i d e s ,  t h e  s u r f a c e  o u t c r o p s  o f  w h ich  h a d  
b e e n  o x i d i s e d  by  w e a t h e r i n g .  T h ese  were worked  by  
a m a lg a m a t io n  which  r e c o v e r e d  a b o u t  60 p e r  c e n t  o f  t h e  
g o l d ,  f o l l o w e d  by c o n c e n t r a t i o n  on b l a n k e t  t a b l e s .  The 
main s u l p h i d e  body was r e a c h e d  i n  1890,  w i t h  i t s  
d i f f i c u l t i e s  f o r  a m a lg a m a t io n ,  and  v a n n e r s and more 
b l a n k e t  a r e a  was p r o v i d e d .  As s u l p h i d e s  p o s e d  no h a z a r d  
f o r  t h e  c y a n i d e  p r o c e s s  t h i s  was q u i c k l y  a d o p t e d ,  
a l t h o u g h  s l i m e s  h a d  t o  be s e p a r a t e d  from t h e  g o l d -  
b e a r i n g  s o l u t i o n .  T h i s  was f i n a l l y  w i t h  t h e  a d o p t i o n  
o f  t h e  c o n t i n u o u s l y  o p e r a t i n g  vacuum f i l t e r  w h ich  
p ro v e d  so s u c c e s s f u l  t h a t  h e n c e f o r t h  o re  was g ro u n d  
d i r e c t l y  t o  s l i m e .  T h i s  f r e e d  more of  t h e  g o l d  from 
e n c l o s i n g  r o c k ,  and f o r  t h i s  f i n e r  g r i n d i n g  t h e  t u b e  
m i l l  was em ployed .
Management o f  t h e  p r o c e s s  p o se d  o t h e r  p r o b l e m s .
With l i t t l e  e x p e r i e n c e  t o  draw upon  i t  was n e c e s s a r y  
t o  e x p e r i m e n t  w i t h  o r e s  t o  f i n d  t h e  most  e f f e c t i v e  
s t r e n g t h s  and b a l a n c e  o f  c h e m i c a l s  and as  a  r e s u l t  
t h e  men who made t h e  c y a n id e  p r o c e s s  a  s u c c e s s :
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were  a lm o s t  e n t i r e l y  t r a i n e d  c h e m i s t s ,  m e t a l l u r g i s t s
o r  m in in g  e n g i n e e r s .  M i l l  men had  t o  he  t r a i n e d  t o
o p e r a t e  t h e  c y a n id e  p l a n t s ,  p a r t i c u l a r l y  i n  t h e
c h e m i s t r y  o f  t h e  p r o c e s s .  On t h e  o t h e r  h a n d ,  young
t e c h n i c a l  men u n d e r s t o o d  t h e  c h e m i s t r y  h u t  h a d  t o
he t a u g h t  t h e  p r a c t i c a l  o p e r a t i o n  o f  m i l l  m a c h i n e r y .
M o reo v er ,  t h e  t e c h n i c a l  men i n  c h a rg e  a p p r e c i a t e d
t h e  d e s i r a b i l i t y  o f  h a v i n g  t e c h n i c a l  men w i t h
p r a c t i c a l  e x p e r i e n c e  f o r  s h i f t  b o s s e s  and f u t u r e
s u p e r i n t e n d e n t s .  The c y a n i d e  p r o c e s s  gave  many
young t e c h n i c a l  men t h e i r  f i r s t  r e a l  o p p o r t u n i t y
18t o  a c q u i r e  such  m i l l i n g  e x p e r i e n c e .
T hese  d e v e lo p m e n ts  d i d  much f o r  t h e  m in in g  i n d u s t r y  as  
a  w h o le ,  t e n d i n g  t o  make t h e  p l a n n i n g  and o p e r a t i o n  of  
m i l l s  a  more complex and t e c h n i c a l  j o b .  R i s i n g  c o s t s  
d i c t a t e d  s t r i c t e r  c o n t r o l s  t o  e n s u r e  maximum r e c o v e r y  
and t h e  m e t a l l u r g i s t  became an e s s e n t i a l  member o f  
s t a f f .  I t  was d u r i n g  t h i s  p e r i o d  t h a t  t h e  I n s t i t u t i o n  
o f  M in ing  and M e t a l l u r g y  was fo rm ed  i n  London i n  1892 
t o  f u r t h e r  t h e  p r o f e s s i o n a l  s t a t u s  of  t h e  e x t r a c t i v e  
m e t a l l u r g i s t  and t o  p r o v i d e  a  forum f o r  t h e  exchange  
o f  i n f o r m a t i o n .
T hese  t r e n d s  were t o  p ro v e  i m p o r t a n t  t o  t h e  f u t u r e  
s u c c e s s  o f  f l o t a t i o n ,  f o r  many o f  t h e  m e t a l l u r g i s t s  
c o n c e rn e d  i n  i t s  dev e lo pm en t  a s  a  f u l l  co m m erc ia l  
p r o c e s s  i n  t h e  e a r l y  y e a r s  o f  t h e  t w e n t i e t h  c e n t u r y  
had  r e c e i v e d  much o f  t h e i r  t r a i n i n g  and e a r l y
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e x p e r i e n c e  w o rk in g  w i t h  t h e  p r e c i s e  c h e m ic a l  
r e q u i r e m e n t s  o f  t h e  c y a n id e  p r o c e s s .  The t r u e  p i o n e e r s  
o f  f l o t a t i o n  were much l e s s  t e c h n i c a l l y  q u a l i f i e d ,  h u t  
c e r t a i n l y  i n g e n i o u s  and p e r s i s t e n t .
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I I  -  E a r l y  E x p e r i m e n t s
T h e r e  was some knowledge  o f  t h e  s e l e c t i v e  a c t i o n  of  o i l  
i n  a n t i q u i t y .  The l e g e n d  o f  t h e  G olden  F l e e c e  may have  
h a d  an  o r i g i n  w i t h  t h e  s h e e p s k i n s  p l a c e d  i n  r i v e r s  and 
mine s l u i c e s  t o  t r a p  f i n e  p a r t i c l e s  o f  g o l d .  H e r o d o t u s ,  
t h e  Greek  h i s t o r i a n  o f  t h e  f i f t h  c e n t u r y  B . C . ,  r e c o r d e d  
a  C a r t h a g i n i a n  l e g e n d  s t a t i n g  t h a t  o f f  t h e  c o a s t  o f  
L i b y a  l a y  ’ an i s l a n d  c a l l e d  C y r a u n i s ,  two h u n d r e d  
s t a d e s  ( a b o u t  23 m i l e s )  i n  l e n g t h ,  i n c o n s i d e r a b l e  i n  
b r e a d t h ,  e a s y  o f  a c c e s s  from t h e  c o n t i n e n t ,  and 
a b o u n d in g  i n  o l i v e  t r e e s  and v i n e s ’ . T h e re  was a l s o  a  
l a k e  ’ from t h e  mud o f  w h ich  t h e  v i r g i n s  o f  t h e  c o u n t r y  
draw up g o l d  d u s t  by  means o f  f e a t h e r s  daubed i n  p i t c h ’ . 
H e r o d o tu s  a d m i t t e d  t h a t  ’w h e t h e r  t h i s  i s  t r u e  I  know 
n o t ,  b u t  I  w r i t e  what  i s  r e l a t e d ’ .^
S u g g e s t i o n s  o f  u s e s  f o r  phenomena r e l a t e d  t o  
f l o t a t i o n  were  made by R i c h a r d  Watson i n  t h e  e i g h t e e n t h  
c e n t u r y .  B orn  t h e  son  o f  a  W es tm or land  c le rg y m a n  and 
s c h o o l  m a s t e r  i n  1737, Watson a c h i e v e d  d i s t i n c t i o n  i n  
t h e  s t u d y  o f  m a t h e m a t i c s  a t  Cambridge and was awarded  
a  f e l l o w s h i p  o f  T r i n i t y  C o l l e g e  i n  1760.  F o u r  y e a r s  
l a t e r  he  was u n a n im o u s ly  e l e c t e d  p r o f e s s o r  o f  c h e m i s t r y  
a l t h o u g h  a d m i t t e d  t h a t  he ’h a d  n e v e r  r e a d  a  s y l l a b l e  on 
t h e  s u b j e c t ,  n o r  s e e n  a  s i n g l e  e x p e r i m e n t ’ . Watson 
worked  i n  h i s  l a b o r a t o r y  f o r  f o u r t e e n  m o n th s ,  t h e n  
b e g a n  a  s e r i e s  o f  l e c t u r e s  t h a t  a t t r a c t e d  l a r g e  and 
a t t e n t i v e  a u d i e n c e s .  He h e l p e d  t o  d e v e lo p  t h e
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s c i e n t i f i c  and e x p e r i m e n t a l  b a s i s  o f  c h e m i s t r y  and i n  
1769 was e l e c t e d  a  F e l l o w  o f  t h e  R o y a l  S o c i e t y  a f t e r  
p u b l i s h i n g  h i s  d e t a i l e d  a c c o u n t  o f  ’E x p e r i m e n t s  and 
O b s e r v a t i o n s  on v a r i o u s  phenomena a t t e n d i n g  t h e  
s o l u t i o n s  o f  s a l t s ’ . I n  1771 t h e  R e g iu s  p r o f e s s o r s h i p  
o f  d i v i n i t y  a t  Cambridge f e l l  v a c a n t  and ’b y  h a r d  
t r a v e l l i n g  and some a d r o i t n e s s ’ Watson s u c c e e d e d  i n  
b e i n g  a p p o i n t e d .  He t h e r e a f t e r  c o n c e n t r a t e d  on t h e o l o g y  
and  m a t t e r s  o f  c h u r c h  a d m i n i s t r a t i o n ,  w h i l e  w r i t i n g  on 
g e o g r a p h y  and a g r i c u l t u r e  a s  w e l l  a s  econom ic  and 
p o l i t i c a l  i s s u e s .  He was a p p o i n t e d  B ish o p  o f  L l a n d a f f  
i n  1782,  a  p o s i t i o n  he  h e l d  u n t i l  h i s  d e a t h  i n  1 8 16 .^  
A l th o u g h  Watson d e s t r o y e d  h i s  ’ c h e m ic a l  m a n u s c r i p t s ’ 
a b o u t  1789 as  ’ a  s a c r i f i c e  t o  o t h e r  p e o p l e ’ s  n o t i o n s ’ 
o f  t h e  p r o p e r  o c c u p a t i o n  o f  a  churchm an ,  he  was i n  1790 
c o n s u l t e d  by  t h e  gov e rn m en t  a b o u t  im p ro v em en ts  i n  t h e  
m a n u f a c t u r e  o f  gunpow der ,  and h i s  a d v ic e  was s a i d  t o  
h a v e  r e s u l t i n g  i n  a  s a v i n g  o f  £ 1 0 0 ,0 0 0  a y e a r .  D u r in g  
t h e  1780s he p u b l i s h e d  a  s e r i e s  o f  e s s a y s  i n c l u d i n g  one 
’ On t h e  s m e l t i n g  o f  Lead O r e ’ i n  which  he a d v i s e d  
b u i l d i n g  l o n g  h o r i z o n t a l  f l u e s  b e tw e e n  f u r n a c e  and 
chim ney  f o r  t h e  c o n d e n s in g  o f  l e a d  fu m es .  I t  was d u r i n g  
h i s  r e s e a r c h e s  w i t h  l e a d  o re  t h a t  Watson o b s e r v e d  t h e  
phenomenon of  f l o t a t i o n .  He h a d  p u t  some p o w d ered  l e a d  
o r e  i n t o  an  a l e  g l a s s  o f  w a t e r  and added  some n i t r i c  
a c i d .  T h i s  g e n e r a t e d  g a s  b u b b l e s  by a t t a c k i n g  t h e  
s t o n e y  p a r t  o f  t h e  o r e ,  and t h e s e  became a t t a / c h e d  
t o  m i n e r a l  p a r t i c l e s  and l i f t e d  them t o  t h e  s u r f a c e
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w h i l e  w a s te  m a t e r i a l  s e t t l e d  i n  t h e  g l a s s . ^
The p r i n c i p l e  u n d e r l y i n g  f l o t a t i o n ,  t h a t  o f  s u r f a c e  
t e n s i o n  c a u s i n g  a  s u b s t a n c e  h e a v i e r  t h a n  w a t e r  t o  
f l o a t ,  was w e l l  known b u t  l i t t l e  u n d e r s t o o d  u n t i l  l a t e  
i n  t h e  n i n e t e e n t h  c e n t u r y .  I t s  b e s t  example  was t h e  
g r e a s e d  n e e d l e  w h ic h ,  when c a r e f u l l y  p l a c e d ,  would  n o t  
s i n k  i n  a  d i s h  o f  w a t e r .  The s u r f a c e  t e n s i o n  o f  t h e  
w a t e r  w hich  p e r m i t t e d  t h e  n e e d l e  t o  f l o a t  was a l s o  
r e s p o n s i b l e  f o r  t h e  m i n e r ' s  c u r s e  o f  w a s te d  f l o a t  g o l d ,  
and was t h e  key  t o  c o n c e n t r a t i n g  m i n e r a l s  by f l o t a t i o n  
t h r o u g h  t h e i r  r e l a t i v e  s u s c e p t i b i l i t y  t o  w e t t i n g .  Waste 
r o c k  and s a n d  v/as w e t t e d  e a s i l y  w h i l e  some m i n e r a l s ,  
p a r t i c u l a r l y  s u l p h i d e s ,  p o s s e s s e d  a  form o f  n a t u r a l  
g r e a s i n e s s  t h a t  r e p e l l e d  w a t e r .  As i n  R i c h a r d  W a t s o n ' s  
e x p e r i m e n t ,  when c r u s h e d  o re  was mixed w i t h  w a t e r  b o t h  
r o c k y  and m i n e r a l  p a r t i c l e s  were  w e t t e d ,  b u t  when 
e x p o sed  t o  a i r  t h e  m i n e r a l  p a r t i c l e s  c o u ld  sh ake  o f f  
t h e i r  c o a t i n g  o f  w a t e r  w h i l e  t h e  san d  r e m a in e d  w e t .
I f  e x p o s u r e  t o o k  p l a c e  w h i l e  a t  t h e  s u r f a c e ,  t h e  m i n e r a l  
c o u ld  be i n d u c e d  t o  f l o a t  w h i l e  t h e  w a s te  s a n k .  I f  a i r  
o r  g a s  was i n t r o d u c e d  i n t o  t h e  w a t e r ,  t h e  l a r g e  s u r f a c e  
a r e a  o f  t h e  b u b b l e s  c r e a t e d  gave  o p p o r t u n i t y  f o r  
m i n e r a l  p a r t i c l e s  t o  shed  t h e i r  unwelcome c o a t i n g  of  
w a t e r .  I n  so d o in g  t h e y  became a t t a t c h e d  t o  t h e  b u b b l e s  
w h ich  l i f t e d  t h e  m i n e r a l  t o  t h e  s u r f a c e  where  i t  c o u ld
be  c o l l e c t e d .
The h a r n e s s i n g  o f  t h i s  phenomenon became a  dream
t h a t  e x c i t e d  many m in d s .  The p r o b le m s  w ere  g r e a t  and
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g a s  b u b b l e s  a l o n e  were n o t  s u f f i c i e n t l y  p o w e r f u l  t o  
form t h e  b a s i s  o f  a  com m erc ia l  p r o c e s s ,  e i t h e r  i n  
s e l e c t i v i t y  o r  l i f t i n g  p o w e r .  Under mine c o n d i t i o n s  
t h e  c r u s h e d  o re  d i d  n o t  p r e s e n t  a  c l e a n  s u r f a c e  t o  t h e  
w a t e r  a s  i t  m ig h t  i n  t h e  l a b o r a t o r y .  Oxide c o n t a m i n a t i o n  
would  make a  s u l p h i d e  a s  e a s i l y  w e t t e d  a s  w a s t e  r o c k ,  
w h i l e  w a s t e  c o u ld  become a s  g r e a s y  d u r i n g  m in in g  and so 
come t o  f l o a t  even  more r e a d i l y  t h a n  t h e  m i n e r a l .  T hese  
p r o b l e m s  c o u ld  be  a v o i d e d ,  f o r  t h e  s u l p h i d e s  e x h i b i t e d  
t h e i r  r e s i s t a n c e  t o  w e t t i n g  as  r e a d i l y  by an a f f i n i t y  
f o r  o i l s ,  t h e  m i n e r a l s  s t i c k i n g  t o  any  w a s te  o i l  .or  
g r e a s e  w h i l e  s a n d s  c o u ld  be w e t t e d  and washed f r e e .
W i l l i a m  Haynes  o f  H o ly w e l l  i n  n o r t h  Wales was 
g r a n t e d  B r i t i s h  p a t e n t  n o .  488 o f  I860  f o r  a  p r o c e s s  
w h ich  worked i n  p r e c i s e l y  t h a t  way.  A c c o r d in g  t o  H ayn es ,  
b e tw e e n  f i v e  and n i n e  p a r t s  o f  d r y  c r u s h e d  o re  were  t o  
be m ixed  w i t h  one p a r t  o f  ' a  m i x t u r e  o f  c o a l  t a r ,  
g u t t a - p e r c h a ,  i n d i a - r u b b e r ,  o r  o t h e r  b i t u m e n o u s ,  
r e s i n o u s ,  o l e a g i n o u s ,  f a t t y ,  and waxy s u b s t a n c e s ' ^  
w h ich  s h o u l d  be s o l u b l e  i n  an a l k a l i n e  s o l u t i o n  b u t  
n o t  i n  w a t e r .  Hot w a t e r  was a d d ed  t o  t h i s  m i x t u r e  w hich  
was t h e n  a g i t a t e d  and s t i r r e d ,  so t h a t  e a r t h y  m a t t e r  
c o u l d  be  washed f r e e  o f  t h e  o i l e d  c o n c e n t r a t e .  To 
r e c o v e r  t h e  m i n e r a l  t h e  o i l e d  mass was p l a c e d  ' i n  an 
a l k a l i n e  s o l u t i o n ,  and i n  due t im e  t h e  m e t a l  i s  
p r e c i p i t a t e d ,  and  so o b t a i n e d  f o r  u s e ' .  The m ix i n g  of  
o i l s  and  a l k a l i  p r o d u c e d  a  c ru d e  so ap  w h ich  'may i t s e l f  
be  u s e d  f o r  t r e a t i n g  o r e s ,  o r  may be s o l d  t o  soap
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inake rs* ,  i f  t h e  o i l s  c o u ld  n o t  he r e c o v e r e d  f o r  f u r t h e r  
u s e .  T h i s  i d e a  was n e v e r  t r i e d  on a  co m m erc ia l  s c a l e .
A much more s o p h i s t i c a t e d  p r o c e s s  was t h a t  d e s c r i b e d  
i n  German p a t e n t  n o .  42 o f  c l a s s  22 ,  g r a n t e d  t o  B e s s e l  
B r o t h e r s  o f  D re sd e n  i n  1986 .  G r a p h i t e  was t o  be 
s e p a r a t e d  from w a s t e  by  m ix in g  t h e  c r u s h e d  o re  w i t h  
be tw ee n  one and t e n  p e r  c e n t  o f  o i l  and b o i l i n g  i t  so 
t h a t  t h e  g r a p h i t e  came t o  t h e  s u r f a c e  a s  an o i l y  scum.
A f u r t h e r  German p a t e n t ,  n o .  3 9 , 3 6 9 ,  d e s c r i b e d  a  
r e f i n e m e n t  w hereby  g a s  b u b b l e s  were  g e n e r a t e d  i n  t h e  
p u l p  by t h e  a c t i o n  o f  a c i d  on m i n e r a l  c a r b o n a t e s  i n  t h e  
r o c k .  T hese  p a t e n t s  t h u s  r e c o r d  t h e  e a r l i e s t  a p p l i c a t i o n  
and a t  l e a s t  e x p e r i m e n t a l  p r a c t i c e  o f  f r o t h  f l o t a t i o n ,  
b u t  t h e y  h a d  b e e n  f o r g o t t e n  by  t h e  t im e  of  t h e  law  
s u i t s  o v e r  t h e  p a t e n t  r i g h t s  t o  f l o t a t i o n  t w e n t y  y e a r s  
l a t e r .  They were  r e d i s c o v e r e d  i n  t h e  1920s and p r o v i d e  
a  m em or ia l  t o  t h e  i n g e n u i t y  o f  B e s s e l  B r o t h e r s .
I n  t h e  U n i t e d  S t a t e s  t h e  s e l e c t i v e  a c t i o n  of  o i l  was 
e x p l o i t e d  by  J o h n  T u n b r id g e  o f  Newark, New J e r s e y ,  f o r  
' s e p a r a t i n g  from t h e  w a t e r  u s e d  by j e w e l l e r s  f o r  
w a sh in g ,  and  from o t h e r  w a t e r ,  t h e  p r e c i o u s  m e t a l s  
c o n t a i n e d  t h e r e i n ' .  H is  f i r s t  U .S .  p a t e n t ,  n o .  2 0 7 ,6 9 5  
o f  1878, d e s c r i b e d  a  m ethod o f  c o l l e c t i n g  f i n e  m e t a l  
p a r t i c l e s  from w a sh in g  w a t e r  by  p o u r i n g  i t  t h r o u g h  a  
b a t h  o f  o i l  w hich  would  t r a p  t h e  m e t a l s  and so ap  w h i l e  
l e t t i n g  t h e  w a s te  and w a t e r  p a s s  t h r o u g h .  T u n b r id g e  
recommended t h e  d e s i g n  of  t a n k  shown i n  F i g u r e  4 ,  t h e  
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O i l  f l o a t e d  on c l e a n  w a t e r .  Most o f  t h e  m e t a l  p a r t i c l e s  
s h o u l d  h a v e  b e e n  t a k e n  up by  t h e  o i l ,  b u t  w h a t e v e r  
e s c a p e d  i n t o  t h e  w a t e r  e i t h e r  s e t t l e d  t o  t h e  f l o o r  of  
t h e  t a n k  o r  c o u ld  be r e c o v e r e d  a s  s l u d g e  from  t h e  
o u t s i d e  o f  t h e  f i l t e r .  T h i s  was f i l l e d  w i t h  f i b r o u s  
m a t e r i a l  on w h ich  any l a s t  p o r t i o n  o f  m e t a l  would  be 
t r a p p e d .  I n  p r a c t i c e ,  t h i s  p r o c e s s  c o u ld  be  o p e r a t e d  
w i t h  s i m p l e  c a s k s ,  and s e v e r a l  c o u ld  be l i n k e d  t o  
a l l o w  more t im e  f o r  m e t a l  p a r t i c l e s  t o  s e t t l e  w i t h i n  
e a c h  i n  t u r n ,  b u t  w h a te v e r  t h e  r e f i n e m e n t s  t h i s  was a  
p r o c e s s  i n t e n d e d  t o  be c a r r i e d  o u t  on a  s m a l l  s c a l e  
u n d e r  w orkshop  c o n d i t i o n s  where  a  good r a t e  o f  r e c o v e r y  
was more i m p o r t a n t  t h a n  s p e e d  o f  w o rk in g  or  a  l a r g e  
c a p a c i t y .
T u n b r i d g e  expanded  on h i s  i d e a  i n  a  f u r t h e r  U .S .  
p a t e n t ,  n o .  2 2 8 ,0 0 4  o f  1880, w h ich  a n t i c i p a t e d  t h e  
t r e a t m e n t  o f  much l a r g e r  q u a n t i t i e s  o f  ' j e w e l l e r ' s  
and  m i n e r ' s  w a s t e  w a t e r s '  by  m ix in g  them w i t h  an  
i m p e r f e c t  so ap  o r  a  s a p o n i f i e d  f a t .  E a r t h y  m a t t e r  was 
r e c o v e r e d  by  c o n v e n t i o n a l  m eans ,  t h e n  t h e  ' s a p o n i f i e d  
o i l  o r  f a t  i s  p r e f e r a b l y  p r e p a r e d  by d i s s o l v i n g  a b ou t  
one pound o f  any s u i t a b l e  soap  o r  s a p o n u l e  i n  a b o u t  
t h i r t y - f i v e  g a l l o n s  o f  w a t e r '  w h ich  was s u f f i c i e n t  t o  
t r e a t  one h u n d r e d  t o n s  o f  w a t e r .  When t h e  soap  was 
added  i t  w o u ld  i m m e d i a t e l y  c o a g u l a t e  and i n  so d o in g  
t r a p  an y  m e t a l  p a r t i c l e s  p r e s e n t ,  p r o v i d e d  t h a t  t h e  
w a t e r  was s l i g h t l y  h a r d  or  s a l i n e .  Thus t h e  w a t e r  was 
r e q u i r e d  t o  a c t  as  a  m i l d  a l k a l i  t o  b r i n g  a b o u t  t h e
—44—
f u r t h e r  s a p o n i f i c a t i o n  o f  t h e  f a t s ,  and  i f  i t  d i d  n o t  
' r o a s t e d  s u l p h a t e  o f  l i m e ,  i n  egg s i z e  o r  t h e r e a b o u t ,  
i s  e x p o se d  t o  t h e  f l o w ' ,  when ' t h e  u n c u r d l e d  m e t a l l i c  
e m u l s i o n  c o n t a i n i n g  t h e  s o a p '  would  a t  once be 
c o a g u l a t e d .  The soap  and m e t a l  were  t o  be c o l l e c t e d  
by f i l t e r i n g  t h r o u g h  wood s h a v i n g s  o r  o t h e r  f i b r e  
w h ich  c o u l d  be b u r n t .
D e s p i t e  t h i s  b r o a d e n i n g  o f  s c o p e ,  J o h n  T u n b r i d g e ' s  
p r o c e s s e s  r e m a in e d  o f  more u s e  t o  j e w e l l e r s  t h a n  t o  
m in in g  e n g i n e e r s .  T e c h n i c a l l y  i t  i s  w o r th y  o f  n o t i c e  
n o t  o n l y  f o r  t h e  u se  o f  l i g h t  o i l s  f o r  t h e  e n t r a p m e n t  
o f  m e t a l  p a r t i c l e s  i n s t e a d  o f  t h e  h e a v y  r e s i n s  p r o p o s e d  
by W il l i a m  H ay n es ,  b u t  a l s o  f o r  i t s  r e c o g n i t i o n  o f  t h e  
i m p o r t a n c e  o f  m o n i t o r i n g  and c o n t r o l l i n g  t h e  c h e m ic a l  
b a l a n c e  o f  t h e  f e e d  i n  o r d e r  t o  o b t a i n  t h e  b e s t  r e s u l t s .  
I t  seems u n l i k e l y  t h a t  i t  was t r i e d  i n  d r e s s i n g  m i l l s  
w here  s e t t l i n g  t a n k s  and b l a n k e t  s l u i c e s  were  s im p le  
and t r u s t e d ,  and T u n b r id g e  a t  no t i m e  s u g g e s t e d  t h e  
u s e  o f  h i s  p r o c e s s e s  f o r  t h e  r e c o v e r y  o f  m i n e r a l s  
f rom o r e .
A p r o c e s s  t h a t  d i d  u se  s u r f a c e  t e n s i o n  i n  t h e  most  
d i r e c t  way i n  o r e  c o n c e n t r a t i o n  was d e v i s e d  by H e z e k ia h  
B r a d f o r d  o f  P h i l a d e l p h i a .  H i s  U .S .  p a t e n t  n o .  345,951 
o f  1886 d e s c r i b e d  a  m ethod o f  ' s a v i n g  f l o t a t i o n  
m i n e r a l s  on o r e - s e p a r a t i o n '  by  u s i n g  t h e  a p p a r a t u s  
shown i n  P i g u r e  5 .  T h i s  was i n t e n d e d  t o  t r e a t  t h e  
t a i l i n g s  f rom t a b l e s  and a m a lg a m a t in g  p a n s .  B r a d f o r d  
r e c o g n i s e d  t h a t  ' f l o a t i n g  p a r t i c l e s  a p p e a r  t o  p o s s e s s
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some p e r c u l i e r  q u a l i t y  w hich  r e p e l s  t h e  w a t e r  from 
t h e i r  s u r f a c e s ,  e s p e c i a l l y  when su c h  p a r t i c l e s  a r e  
e x p o s e d ,  even  m o m e n t a r i l y ,  t o  a t m o s p h e r i c  a i r ,  and 
when su c h  e x p o s u r e  t a k e s  p l a c e  t h e  w a t e r  i s  r e p e l l e d  
f rom  a  s u f f i c i e n t  p o r t i o n  o f  t h e i r  s u r f a c e  t o  c a u s e  
s u c h  p a r t i c l e s  t o  f l o a t  o f f  on t h e  s u r f a c e  o f  t h e
5
w a s t e  v/ater* •
At i t s  s i m p l e s t ,  B r a d f o r d ' s  i n v e n t i o n  c o n s i s t e d  o f  
a  t a n k  d i v i d e d  i n t o  two c h a m b e r s ,  t h e  m a t e r i a l  t o  he 
t r e a t e d  b e i n g  f e d  on t o  t h e  w a t e r  s u r f a c e  i n  t h e  f i r s t  
e i t h e r  by  s p r i n k l i n g  a  d r y  o re  o r  more g e n e r a l l y  by  
d i r e c t  f e e d  from t h e  s h a k i n g  t a b l e .  T h i s  would  t r a v e l  
i n  a  f i l m  down a  s h a l l o w  l a u n d e r  on w h ich  i t s  p a r t i c l e s  
w ou ld  be e x p o se d  t o  t h e  a i r  b e f o r e  b e i n g  f e d  g e n t l y  on 
t o  t h e  w a t e r .  S u r f a c e  t e n s i o n  c a u s e d  t h e  m i n e r a l  
p a r t i c l e s  which  h a d  sh e d  t h e i r  c o a t i n g  o f  w a t e r  t o  
f l o a t  l i k e  g r e a s e d  n e e d l e s  w h i l e  t h e  w a s t e  s a n k .  The 
f l o a t i n g  m i n e r a l  was c a r r i e d  by an o v e r f l o w  i n t o  t h e  
s e c o n d  cham ber ,  and t h e  drop  f o l l o w e d  by p a s s a g e  
t h r o u g h  a  s e r i e s  o f  b a f f l e s  h e l p e d  t h e  m i n e r a l  p a r t i c l e s  
t o  become w e t t e d  and s i n k  f o r  c o l l e c t i o n  w h i l e  e x c e s s  
w a t e r  a g a i n  o v e r f l o w e d  f o r  f u r t h e r  u s e .
B r a d f o r d  s u g g e s t e d  t h a t  w a s t e  c o u l d  be d r a i n e d  
b e t t e r  on a  r u b b e r  b e l t  w h ich  c o u ld  a l s o  d e l i v e r  f e e d  
t o  t h e  c e n t r e  o f  a  t a n k ,  p e r m i t t i n g  o v e r f l o w  from a l l  
s i d e s .  A f u r t h e r  r e f i n e m e n t  was t o  c o l l e c t  t h e  m i n e r a l  
t h a t  f l o a t e d  f r e e  i n  j i g s  and was l o s t .  H ere  a  f u n n e l  
was a r r a n g e d  t o  c o l l e c t  an o v e r f l o w  o f  t h e  s u r f a c e
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w a t e r  f rom t h e  j i g g i n g  t a n k ,  and t h i s  was f e d  i n t o  a  
B r a d f o r d  s e t t l i n g  t a n k  so t h a t  i t  was i n  e f f e c t  t h e  
f i r s t  chamber o f  a  s e p a r a t o r .  The m i n e r a l  f l o a t i n g  on 
w a s t e  p onds  c o u ld  s i m i l a r l y  be c o l l e c t e d  by  r u n n i n g  
t h e  s u r f a c e  w a t e r  on t o  a  s h a l l o w  l a u n d e r  and f e e d i n g  
i t  t o  a  s e t t l i n g  t a n k .
H e z e k i a h  B r a d f o r d  h a d  d e v i s e d  a  t h e o r e t i c a l  s o l u t i o n  
t o  a  s e r i o u s  and e x p e n s i v e  p r o b le m ,  b u t  t h e r e  i s  no 
e v i d e n c e  t h a t  i t  was e v e r  t r i e d  i n  a  d r e s s i n g  m i l l .  
W hile  t h e  p a t e n t  i s  o f  i m p o r t a n c e  f o r  i t s  c l e a r  and 
d i r e c t  d e s c r i p t i o n  o f  t h e  phenomenon o f  ' f l o a t ' ,  i t s  
p r o p o s e d  s i m p le  s o l u t i o n  s u f f e r e d  from s e r i o u s  d e f e c t s .  
By r e l y i n g  on t h e  power o f  n a t u r a l  f l o t a t i o n  t o  e f f e c t  
c o l l e c t i o n  o f  t h e  m i n e r a l ,  B r a d f o r d  c o u ld  c o l l e c t  
c l e a n  s u l p h i d e s  which  would  f l o a t ,  b u t  so would  w a s t e  
c o n t a m i n a t e d  w i t h  o i l  w h i l e  o x i d i s e d  s u l p h i d e s  w o u ld  
s i n k .  The i n v e n t i o n  m ig h t  h a v e  met w i t h  g r e a t e r  
s u c c e s s  h a d  B r a d f o r d  p r o p o s e d  t h e  f i n e  c r u s h i n g  o f  
o re  and i t s  im m ed ia te  t r e a t m e n t  by h i s  p r o c e s s .  I n d e e d ,  
h e  a d v i s e d  i n  h i s  p a t e n t  t h a t  'when s u c h  m a t e r i a l s  a r e  
i n  a  d r y  c o n d i t i o n ,  t h e y  a r e  t o  be s c a t t e r e d  upon t h e  
w a t e r  w i t h  b u t  l i t t l e  c o n c u s s i o n .  A p a r t  o f  t h e  
m e t a l l i c  p o r t i o n s  w i l l  f l o a t ,  and most  o f  t h e  e a r t h y  
p o r t i o n s  w i l l  a b s o r b  m o i s t u r e  and s i n k ' .
I n  t h e  same y e a r  o f  1886, U .S .  p a t e n t  n o .  34 8 ,1 5 7  
was g r a n t e d  t o  Mrs C a r r i e  J a n e  B i l l i n g s  E v e r s o n  o f  
C h icago  f o r  a  p r o c e s s  o f  c o n c e n t r a t i n g  o r e s  by t h e  
u s e  o f  o i l s ,  and she  was t o  become one o f  t h e  m ost
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r e m a r k a b l e  f i g u r e s  i n  t h e  p r e h i s t o r y  Of f l o t a t i o n .
W hile  B r a d f o r d  h a d  t a c k l e d  t h e  p rob lem  o f  f l o a t ,
C a r r i e  E v e r s o n  r e t u r n e d  t o  t h e  p r i n c i p l e  s u g g e s t e d  by 
W i l l i a m  Haynes i n  1860.  Her p a t e n t  was b a s e d  on t h e  
o b s e r v a t i o n  t h a t  ' m e t a l s  and m e t a l l i c  s u b s t a n c e s  i n  a  
comminuted s t a t e  w i l l  u n i t e  w i t h  compounds of  f a t s  or  
o i l s  and a c i d s ,  and t h a t  s u c h  compounds w i l l  n o t  u n i t e  
w i t h  comminuted q u a r t z  o r  o t h e r  r o c k y  g a n g u e ' o r  w a s t e .  
She c o n s i d e r e d  p a r t i c u l a r l y  s u i t a b l e  t h e  o r e s  o f  n a t i v e  
g o l d  and s i l v e r ,  a r g e n t i f e r o u s  g a l e n a  and  o t h e r  s u l p h i d e  
m i n e r a l s ,  a s  w e l l  a s  o x i d e s  and  c a r b o n a t e s  o f  c o p p e r  
and  c a r b o n a t e s  o f  l e a d .
The p r o c e s s  was s i m p l e .  C ru sh e d  o r e  was m ixed  w i t h  
f a t s  o r  o i l s  su c h  as  p e t r o l e u m  o r  p a r a f f i n , ,  m e l t e d  
t a l l o w ,  c o t t o n - s e e d  o i l ,  c a s t o r  or  l i n s e e d  o i l ,  o r  a  
m i x t u r e  o f  t h e s e ,  and  an a c i d .  I n  t r e a t i n g  a  l e a d -  
z i n c  s u l p h i d e  o r e  w h ich  c o n t a i n e d  t w e l v e  o u n c es  p e r  t o n  
o f  s i l v e r ,  a  m i x t u r e  was made o f  s u l p h u r i c  a c i d ,  c o t t o n ­
s e e d  o i l  and w a t e r  where  t h e  o i l  was i n  p r o p o r t i o n  
a b o u t  15 p e r  c e n t  and t h e  o i l  two p e r  c e n t .  T h i s  h a d  
t o  be s t i r r e d  t h o r o u g h l y  and was t h e n  added  t o  t h e  
c r u s h e d  o r e  t o  p r o d u c e  a  s t i f f  m a s s .  T h i s  was b r o k e n  up 
i n  r u n n i n g  w a t e r  so t h a t  t h e  s a n d  and c r u s h e d  q u a r t z  
c o u l d  be  washed f r e e .
^When c l e a n e d  t h e  ' c o n c e n t r a t e d  m i n e r a l  w i l l  
a c c u m u la t e  i n  a  p a s t y  mass o r  lump o r  lumps and w i l l  
c o n t a i n  t h e  m e t a l l i c  p o r t i o n  o f  t h e  o r e ,  t o g e t h e r  w i t h  
t h e  h y d r a t e d  o i l  and a c i d ,  w h ich  l a t t e r  may be removed
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b y  h e a t i n g *  w h i l e  t h e  o i l  was b u r n t  o u t .  The u s e  o f  
p e t r o l e u m  r e q u i r e d  a b o u t  one b a r r e l  t o  t h e  t o n  o f  o re  
and  p r o d u c e d  a  much more l i q u i d  mass w hich  r e q u i r e d  
more c a r e f u l  w a s h i n g .  Then ' t h e  c o n c e n t r a t e ,  a f t e r  
t h o r o u g h  a g i t a t i o n  o f  t h e  mass and d e t a t c h m e n t  o f  t h e  
s a n d ,  w i l l  i n  t h i s  c a s e  be p r e f e r a b l y  rem oved  by  means 
o f  a  c o n s t a n t  o v e r f l o w  o f  w a t e r  from a  w a s h i n g - o u t  
v e s s e l ,  by w h ich  c o n s t a n t  o v e r f l o w  t h e  c o n c e n t r a t e  
w i l l  be f l o a t e d  o f f ' . ^
A c c o r d in g  t o  many a c c o u n t s ,  Mrs E v e r s o n  was a  s c h o o l  
t e a c h e r  f rom D e n v e r , and t h e  s i s t e r  o f  a  g e o l o g i s t .  I t  
was s a i d  t h a t  she  became aware  o f  t h e  b e h a v i o u r  o f  o i l s  
and  s u l p h i d e s  when w a sh in g  some s a c k s  i n  w h ich  sa m p le s  
h a d  b e e n  s h i p p e d  f o r  a s s a y .  The b a g s  were g r e a s y ,  b u t  
g av e  up t h e i r  o i l s  and d u s t  when s c r u b b e d  i n  t h e  wash 
t u b .  A f i l m  o f  o i l  fo rm ed  on t h e  w a t e r  and t h i s  h e l d  
s u l p h i d e  p a r t i c l e s  w h i l e  e a r t h y  m a t t e r  s a n k .  T h i s  
o b s e r v a t i o n  l e d  Mrs E v e r s o n  t o  make t e s t s  w i t h  a  few 
o u n c e s  o f  o r e ,  t h e n  i n  1889 t o  c o n d u c t  t r i a l s  n e a r  
D e n v e r .  T h i s  s t o r y  seems t o  h ave  o r i g i n a t e d  w i t h  an
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a r t i c l e  i n  t h e  London F i n a n c i a l  T imes i n  1902 w h ich
was t h e r e a f t e r  w i d e l y  q u o t e d .  The t r u e  o r i g i n s  o f  t h e
E v e r s o n  p r o c e s s  d i d  n o t  become c l e a r  u n t i l  a f t e r  h e r
d e a t h  i n  1914 when i t  was e q u a l l y  w i d e l y  a g r e e d  t h a t
t h e r e  was ' p r o b a b l y  no f i g u r e  i n  m e t a l l u r g i c a l  h i s t o r y
a b o u t  whom t h e r e  h a s  b e e n  so much b e l a t e d  i n t e r e s t  as
Mrs E v e r s o n ,  n o r  i s  t h e r e  one ,  p r o b a b l y ,  a b o u t  whom
0
so  many e r r a t i c  s t a t e m e n t s  h ave  b e e n  m a d e ' .
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M iss  C a r r i e  J a n e  B i l l i n g s  was b o r n  a t  S h a r o n ,  
M a s s a c h u s e t t s ,  i n  1842.  She g r a d u a t e d  from h i g h  s c h o o l  
and  t r a i n e d  as  a  t e a c h e r  b e f o r e  m a r r y i n g  Dr W.E. E v e r s o n  
a t  C h icago  i n  I 864 . He was a  p h y s i c i a n  and d r u g g i s t  
w i t h  an  i n t e r e s t  i n  c h e m i s t r y  and m i n e r a l o g y  t h a t  was 
s t i m u l a t e d  by u n s u c c e s s f u l  i n v e s t m e n t s  i n  m in in g  
co m p a n ie s  o p e r a t i n g  i n  C o lo ra d o  and M ex ico .  A l th o u g h  
C a r r i e  E v e r s o n  d i d  have  a  b r o t h e r  who was an a s s a y e r ,  
h i s  work was n o t  d i r e c t l y  c o n n e c t e d  w i t h  m i n i n g .  The 
o r i g i n a l  E v e r s o n  p r o c e s s  was p r o b a b l y  d e v i s e d  b y  
Dr E v e r s o n ,  p e r h a p s  as  e a r l y  a s  1880 when he  was i n  
M e x ico .  The E v e r s o n s  moved t o  A b e l i n e ,  K a n s a s ,  t h e n  
t o  D e n v e r ,  and t r i e d  t o  r e f i n e  t h e  i d e a  i n t o  a  w o rk a b le  
p r o c e s s .  The outcome was t h e  p a t e n t  o f  1886 w h ich  was 
p r o b a b l y  f i l e d  i n  t h e  name o f  C a r r i e  E v e r s o n  t o  
s e p a r a t e  i t  from h e r  h u s b a n d ' s  u n s t a b l e  f i n a n c e s .
A f t e r  h i s  d e a t h  i n  1889 she  gave  up any hope  of  r e t u r n  
f rom t h e  m in in g  i n v e s t m e n t s ,  b u t  s t i l l  h a d  f a i t h  i n  
t h e  o i l  p r o c e s s .
D e n v e r ,  s t a t e  c a p i t a l  o f  C o lo r a d o ,  h a d  b e e n  f o u n d e d  
i n  a  g o l d  r u s h  b u t  e n r i c h e d  by s i l v e r ,  m os t  s p e c t a c ­
u l a r l y  t h a t  from t h e  a r g e n t i f e r o u s  l e a d  m in e s  ovmed 
by  t h e  ' c a r b o n a t e  k i n g s '  o f  n e a r b y  l e a d v i l l e .  Gold and 
s i l v e r  were  w i d e l y  m ined  i n  t h e  s t a t e ,  an d  t h e  young 
Thomas R i c k a r d  was employed  as  manager  o f  s e v e r a l  
C o lo r a d o  g o l d  m in e s  d u r i n g  t h e  l a t e  1880s and e a r l y  
1 8 9 0 s .  While  t h e  g o l d  was m in ed  from q u a r t z  d e p o s i t s ,  
t h e  s i l v e r  was fo u n d  i n  r i c h  v e i n s  o f  e a s i l y  worked
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l e a d  c a r b o n a t e  d e p o s i t s .  V a s t  f o r t u n e s  were  made, b u t  
t h e  c a r b o n a t e s  were  u n d e r l a i n  by more t r o u b l e s o m e  
s u l p h i d e  o r e s ,  and i t  was t h r o u g h  r e d u c i n g  l o s s e s  i n  
w o r k in g  t h e s e  t h a t  C a r r i e  E v e r s o n  ho p ed  t o  p r o f i t .
I n  1890 she  fo rm ed  a  p a r t n e r s h i p  w i t h  Thomas E .
C r i l e y ,  and h e r  son  J o h n  L. E v e r s o n ,  t h e n  a b o u t  s i x t e e n
y e a r s  o f  a g e ,  a s s i s t e d  him i n  a  d e m o n s t r a t i o n  o f  t h e
E v e r s o n  p r o c e s s  a t  West C l i f f ,  n e a r  S i l v e r t o n  i n
C u s t e r  C o un ty ,  C o l o r a d o .  T hese  t e s t s  and d e m o n s t r a t i o n s
seem t o  h a v e  g i v e n  s a t i s f a c t o r y  r e s u l t s ,  b u t  t h e y
a r o u s e d  l i t t l e  i n t e r e s t  among t h e  mine owners  o f  t h e
s t a t e  w h ich  t h e n  e n jo y e d  a  s t a b l e  i f  u n s p e c t a c u l a r
p r o s p e r i t y ;  by  t h e n  ' t h e  o m n ip r e s e n t  s i x s h o o t e r s  t h a t
u s e d  t o  ou tnum ber  t h e  men o f  t h e  m in in g  camp ( a t
L e a d v i l l e )  t e n  y e a r s  ago a r e  r a r e l y  s e e n  h e r e  i n
p u b l i c  . . .  and t h e  s h o o t - t h e - l i g h t s - o u t  r u f f i a n i s m
o f  t h e  o l d  f r o n t i e r  days  r a r e l y  shows even  a  symptom 
g
o f  r e v i v a l ' .
I t  was d e c i d e d  t h a t  C r i l e y  s h o u l d  go t o  B a k e r  C i t y  
i n  O regon ,  t h e n  t h e  c e n t r e  o f  a  g o l d  m in in g  d i s t r i c t  
o f  g ro w in g  i m p o r t a n c e .  T h e re  h a d  b e e n  a  r e c e n t  w e l l -  
p u b l i c i s e d  s t r i k e  a t  n e a r b y  S p a r t a ,  and t h e r e  C r i l e y  
s e t  up a  t e s t i n g  p l a n t . The g o l d  was fo u n d  w i t h  
s u l p h i d e  o r e s  and e x t r a c t e d  by h y d r a u l i c  s l u i c i n g  w i t h  
t h e  l o s s  o f  much g o l d  and t h e  s m a l l  amount o f  c o p p e r  
i n  t h e  o r e .  I n  t h e s e  Oregon t e s t s  C r i l e y  mixed f i n e l y  
c r u s h e d  o r e  w i t h  a  l i g h t  o i l ,  t h e n  added  w a t e r  
c o n t a i n i n g  enough a c i d  ' t o  g i v e  a  t a r t  t a s t e ' , 10
- 51 -
and t h o r o u g h l y  s t i r r e d  t h e  whole  m a s s .  When h e a t e d  t h e
o r e  would  come t o  t h e  s u r f a c e  a s  a  t h i c k  o i l y  scum
w h ic h  was c o l l e c t e d  by a  c o n s t a n t  o v e r f l o w  o f  w a te r*
11A l th o u g h  d e s c r i p t i o n s  o f  t h e s e  t e s t s  a r e  v a g u e ,  t h e y  
i n d i c a t e  t h a t  so m e th in g  a k i n  t o  e f f e c t i v e  f l o t a t i o n  was 
t a k i n g  p l a c e ,  b u t  C r i l e y  d i e d  b e f o r e  a n y t h i n g  c o u ld  be 
p r o v e d .  C a r r i e  E v e r s o n  went  t o  Oregon b u t  she  h a d  no 
more s u c c e s s  and t h e r e a f t e r  a b an d o n n e d t h e  o i l  p r o c e s s .
I n  1892 she  and a  new p a r t n e r ,  C h a r l e s  B.  Hebron  of  
D e n v e r ,  f i l e d  U .S .  p a t e n t  n o .  4 7 1 ,1 7 4  w h ich  p r o p o s e d  a  
new m ethod  o f  f l o t a t i o n .  C ru sh ed  o re  was t o  be mixed 
w i t h  a  * b o u y -s to c k *  o f  g r e a s e  so  t h a t  i t  was f o r c e d  
i n t o  c r e v i c e s  w i t h i n  t h e  m e t a l l i c  p a r t i c l e s .  G r e a s e d  
o r e  was t h e n  f e d  on t o  t h e  s u r f a c e  o f  a  t a n k  o f  w a t e r  
on w h ich  i t  would  f l o a t  w h i l e  t h e  w a s te  s a n k .  T h i s  
f l o a t i n g  m i n e r a l  was t o  be b lown a lo n g  t h e  s u r f a c e  by  
a  c u r r e n t  o f  a i r  and c o l l e c t e d  a t  one end o f  t h e  t a n k .  
An e l a b o r a t e  a p p a r a t u s  f o r  t h e  g r e a s i n g  and s e p a r a t i n g  
p r o c e s s e s ,  and i t  was m o d i f i e d  t h r o u g h  l a t e r  work t h a t  
l e d  t o  t h e  g r a n t i n g  o f  U .S .  p a t e n t  n o .  4 7 4 ,8 2 9  t o  
C.B.  H eb ro n  who i n  t u r n  g r a n t e d  a  p a r t  i n t e r e s t  t o  
C a r r i e  E v e r s o n .
T h i s  s e c o n d  p a t e n t  o f  1892 recommended t h a t  t h e  
m ix i n g  o f  o r e  and b o u y - s t o c k  c o u ld  be a s s i s t e d  by  t h e  
u s e  o f  h e a t  and vacuum so t h a t  more g r e a s e  was 
a t t a / c h e d  t o  t h e  m i n e r a l  and  so i n c r e a s e d  i t s  
b o u y a n c y .  The c r u s h e d  o r e  was t o  be f e d  t h r o u g h  a  
r o t a t i n g  f u r n a c e  and h e a t e d  * to  c o n s i d e r a b l e  i n t e n s i t y
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and  i n  e x c e s s  o f  t h e  t e m p e r a t u r e  r e q u i r e d  t o  p r o p e r l y
e x p e l  t h e  a i r  and o t h e r  g a s e s  t h e r e f r o m  and o b t a i n  t h e
maximum e n la r g e m e n t  o f  t h e  o p e n i n g s ,  c e l l s ,  c a v i t i e s ,
12d e p r e s s i o n s ,  o r  p o r e s ' .  P a r t i a l  c o o l i n g  f o l l o w e d  
b e f o r e  t h e  b o u y - s t o c k  c o u ld  be a p p l i e d ,  b u t  f u r t h e r  
c o o l i n g  t h e n  c r e a t e d  p a r t i a l  vacuums i n  t h e  c a v i t i e s  
s e a l e d  by  g r e a s e  so t h a t  a i r  p r e s s u r e  f o r c e d  t h e  b o u y -  
s t o c k  more c e r t a i n l y  i n t o  t h e s e  c r e v i c e s .  The c r u s h e d  
and  g r e a s e d  o re  was t h e n  f e d  on t o  w a t e r  a s  b e f o r e .
L ik e  C a r r i e  E v e r s o n ' s  o r i g i n a l  p r o c e s s ,  t h i s  vias 
i n t e n d e d  f o r  t h e  i n i t i a l  t r e a t m e n t  o f  o r e s .  A l th o u g h  
i t  was s u g g e s t e d  t h a t  a n  e f f e r v e s c e n t  l i q u i d  m ig h t  
u s e f u l l y  e f f e c t  s e p a r a t i o n ,  t h i s  was i n t e n d e d  t o  h e l p  
w a s t e  t o  s i n k  r a t h e r  t h a n  h e l p  t h e  g r e a s e d  m i n e r a l  
t o  f l o a t .
Mrs E v e r s o n  d e v e l o p e d  t h i s  p r o c e s s  w i t h  C h a r l e s  
H eb ro n ,  who h a d  o b t a i n e d  f i n a n c i a l  b a c k i n g  from  a  
Mr P i s c h e l ,  a l s o  o f  D e n v e r . They o b t a i n e d  t h e  u s e  o f  
a  workshop i n  a  su b u rb  o f  Denver  and a l t h o u g h  t e s t s  
met  w i t h  some s u c c e s s ,  t h e  p r o c e s s  showed l i t t l e  
c om m erc ia l  p o t e n t i a l .  The c o m p l e x i t y  o f  m a c h in e r y  
r e q u i r e d  was c e r t a i n l y  no a d v a n t a g e .  A f t e r  a  few months  
H eb ro n  q u a r r e l l e d  w i t h  P i s c h e l  o v e r  money and work 
h a l t e d  so o n  a f t e r .  C a r r i e  E v e r s o n  t h e n  f i n a l l y  gave 
up any hope  o f  p r o f i t  from m i n i n g .  F o r  a  few  y e a r s  i n  
t h e  1900s she  t a u g h t  p h y s i o l o g y  and hygene  a t  t h e  S t a t e  
R e f o r m a t o r y  f o r  G i r l s  i n  M o r r i s o n ,  C o l o r a d o ,  and i n  
1909 she moved t o  C a l i f o r n i a  t o  l i v e  w i t h  h e r  so n  a t
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San Anselrao where  she  d i e d  on 3 November 1914 ,
Mrs E v e r s o n  t h u s  l i v e d  t o  see  t h e  p r o c e s s  on w h ich  she  
h a d  s p e n t  so much t i m e  and money be r e b o r n  i n  o t h e r
c o u n t r i e s  and t a k e  r o o t  i n  t h e  U n i t e d  S t a t e s .  The
r e f e r e n c e s  t o  h e r  p a t e n t s  i n  l i t i g a t i o n  and t h e  v a r y i n g  
a c c o u n t s  o f  h e r  l i f e  c a u s e d  some r e s e a r c h  t o  be u n d e r ­
t a k e n  i n  Denver  s h o r t l y  a f t e r  h e r  d e a t h  and t h e  
p u b l i c a t i o n  o f  a  r e a s o n a b l y  a c c u r a t e  a c c o u n t  i n  19 1 5 .^ ^  
A l th o u g h  h e r  f i r s t  o i l  p r o c e s s  was s i m i l a r  t o  t h a t  
o f  W il l i a m  H ay n es ,  t h e  u se  o f  l i g h t e r  o i l s  combined w i t h
a g i t a t i o n  s u g g e s t e d  i n  t h e  p a t e n t  o f  1886 r e p r e s e n t e d  a
c o n s i d e r a b l e  advance  and was c o i n c i d e n t a l l y  f i l e d  i n  
t h e  same y e a r  a s  t h e  s e c o n d  p a t e n t  o f  B e s s e l  B r o t h e r s  
i n  Germany. The c o l l e c t i o n  o f  t h e  c o n c e n t r a t e d  m i n e r a l  
i n  an  o v e r f l o w  o f  w a t e r  and o i l  was f i r s t  s u g g e s t e d  i n  
t h e  E v e r s o n  p a t e n t .  Of g r e a t e r  s i g n i f i c a n c e  f o r  l a t e r  
l i t i g a t i o n  was t h e  d i s c o v e r y  t h a t  a  s m a l l  amount o f  
a c i d  was o f  a d v a n t a g e  t o  t h e  p r o c e s s .  By c o n t r a s t  t h e  
E v e r s o n - H e b r o n  p r o c e s s  was a  m o d i f i e d  form of  t h e  
s u r f a c e  t e n s i o n  p r o c e s s  d e v i s e d  by H e z e k ia h  B r a d f o r d  
and ' t h e  i m p o r t a n t  d i s c o v e r y  t h a t  a c i d i f i c a t i o n  o f  t h e  
o re  p u l p s  i s  n e c e s s a r y  f o r  t h e  s h a r p  o i l - d i f f e r e n t i a t i o n  
o f  m i n e r a l  from g a n g u e ' was n o t  m e n t i o n e d  i n  t h e i r  
l a t e r  p a t e n t s .  N e v e r t h e l e s s ,  a s  t h e  work o f  B e s s e l  
B r o t h e r s  h a d  n o t  t h e n  b e e n  r e d i s c o v e r e d ,  Mrs C a r r i e  
E v e r s o n  came t o  be knovm t h r o u g h  t h e  l e g a l  p r o c e e d i n g s  
o f  t h e  e a r l y  t w e n t i e t h  c e n t u r y  a s  t h e  m o th e r  o f  
f l o t a t i o n .
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While  t h e  E v e r s o n  p r o c e s s  o f f e r e d  t h e  p o s s i b i l i t y  o f  
d i r e c t l y  t r e a t i n g  o r e s ,  o t h e r s  w ere  s t i l l  c o n c e r n e d  
w i t h  t h e  p r o b le m s  o f  s l i m e  and f l o a t .  The m e c h a n i c a l  
t r e a t m e n t  o f  s l im e  h a d  p r o d u c e d  e v e r  more e l a b o r a t e  
fo rm s  o f  t h e  b u d d le  and c l a s s i f i e r ,  A s im p le  c l a s s i f i e r  
c o n s i s t e d  o f  a  l a u n d e r  i n  t h e  f l o o r  o f  w h ich  were  
p o c k e t s ,  e a c h  s u p p l i e d  w i t h  an upward c u r r e n t  o f  w a t e r ,  
t h e  p r e s s u r e  d i m i n i s h i n g  w i t h  e a c h  s u c e e d i n g  p o c k e t .
The l a r g e s t  and h e a v i e s t  p a r t i c l e s  s e t t l e d  i n  t h e  p o c k e t  
a s  t h e y  c o u ld  r e s i s t  t h e  upward c u r r e n t ,  w h i l e  l i g h t e r  
p a r t i c l e s  s e t t l e d  i n  l a t e r  p o c k e t s  and t h e  s l im e  
r e m a in e d  i n  s u s p e n s i o n  t o  o v e r f l o w  w i t h  t h e  w a t e r .
I n  1892 E dgar  H o c k ley  o f  O uray ,  C o lo ra d o  f i l e d  U .S .  
p a t e n t  n o .  4 6 6 ,7 5 3  f o r  ' c e r t a i n  new and u s e f u l  im p r o v e ­
m en ts  i n  o r e - s l i m e r s ' . H o c k l e y ' s  m achine  c o n s i s t e d  o f  a  
p u l p - b o x ,  a  s e p a r a t o r  and a  f i l t e r i n g  t a n k ,  and was
i n t e n d e d  ' t o  save  t h e  f l o a t  m i n e r a l  . . . w h ich  i s  t o o
1 5l i g h t  t o  be  s a v ed  by  t h e  o r d i n a r y  g r a v i t y  p r o c e s s e s ' .  
E a r t h y  w a s t e  was removed i n  t h e  p u l p - b o x  and was 
rem oved  by  an A rchem edian  sc rew  from t h e  f l o o r  o f  t h e  
t a n k .  The m i n e r a l  w h ich  f l o a t e d  o r  was h e l d  i n  s u s p e n ­
s i o n  was c a r r i e d  by an o v e r f l o w  i n t o  t h e  s e p a r a t o r  
where  i t  was a g i t a t e d  by a i r  o r  w a t e r  j e t s ,  c a u s i n g  
a l l  t h e  m i n e r a l  t o  f l o a t ,  and a  f u r t h e r  o v e r f l o w  t o o k  
i t  i n t o  t h e  f i l t e r i n g  t a n k .  T h e r e  t h e  w a t e r  was d r a i n e d
t o  l e a v e  t h e  m i n e r a l .  H o c k l e y ' s  sys tem  t h u s  t r i e d  t o
t u r n  s l i m e  and f l o a t  t o  a d v a n t a g e ,  b u t  he made t o  u se  
o f  o i l  and t h e r e  i s  no e v i d e n c e  t h a t  i t  was e v e r  u s e d .
FlGr.  6
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An i n v e n t i o n  i n  some ways s i m i l a r  was p a t e n t e d  by 
A lb i o n  M. Rouse  and p r o t e c t e d  u n d e r  U .S .  p a t e n t  
no* 4 6 9 ,5 9 9 ,  w h ich  was a s s i g n e d  t o  George W i l l i a m s o n  
o f  B o u l d e r ,  C o l o r a d o .  The a p p a r a t u s ,  shown i n  F i g u r e  6 ,  
c o n s i s t e d  o f  a  t a n k  f e d  by t a i l i n g s  f rom a  m i l l .  A 
s t r e a m  o f  w a t e r  was f o r c e d  i n  a t  t h e  b a s e  o f  t h e  t a n k  
w h ich  l i f t e d  t h e  s l i m e s  up o v e r  a  g a t e  i n t o  a  s l i m e  
t a n k .  P e r f o r a t e d  p i p e s  i n  t h e  b a s e  o f  t h i s  d e l i v e r e d  
*an in n u m e r a b l e  number o f  a i r - b u b b l e s *  and t h e  * c o n s t a n t  
upward  c i r c u l a t i o n  o f  a i r  t h r o u g h  t h e  s l i m e - w a t e r  t e n d s  
t o  e l e v a t e  a l l  f o r e i g n  m a t t e r  t o  t h e  s u r f a c e  o f  t h e  
w a t e r  and t o  c r e a t e  o r  form a  mass o f  s t r o n g  foam 
h a v i n g  a  g r e a t  c a r r y i n g  e n e r g y  f o r  m a t t e r  f o r e i g n  t o  
w a t e r ' . T h i s  s l i m e - b e a r i n g  foam was skimmed o f f  w h i l e  
t h e  w a t e r  r a n  away t o  w a s t e ,  b u t  no o i l  was u s e d  i n  t h e  
c r e a t i o n  o f  f r o t h  and Rouse  was c o n c e r n e d  t o  r e c o v e r  
a l l  s l i m e s  f o r  f u r t h e r  t r e a t m e n t  r a t h e r  t h a n  i m m e d i a t e l y  
t o  s e p a r a t e  t h e  m i n e r a l  ' f l o a t ' .
I n  t h e  same y e a r  o f  1892,  New S o u th  Wales  p a t e n t
n o .  3 ,823  was f i l e d  by Edward M a le c z e k ,  M a u r ice  G reen ,
and  George K e e le y  o f  B rok en  H i l l  f o r  a  p r o c e s s  o f
t r e a t i n g  t h e  s u l p h i d e  o r e s  t h e n  p r o v i n g  t r o u b l e s o m e .
They  p r o p o s e d  t h a t  c r u s h e d  o re  s h o u l d  be t r e a t e d  w i t h  a
s a l t  s o l u t i o n  and ' h o t  o i l ,  g r e a s e ,  o r  o l e a g i n o u s  
1 7m a t t e r ' . M e t a l s  c o l l e c t e d  by  t h e  o i l  were  t o  be  
p r e c i p i t a t e d  i n  h o t  w a t e r  and t h e  o i l  c o l l e c t e d  f o r  
f u r t h e r  u s e .  T h i s  p a t e n t  r e p r e s e n t e d  a  l i n e  of  
d e v e lo p m e n t  more i n  k e e p i n g  w i t h  C a r r i e  E v e r s o n ' s
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e a r l y  t e s t s  t h a n  o t h e r  p r o p o s a l s  o f  t h e  e a r l y  1 8 9 0 s ,  
h u t  i t  met  w i t h  no c o m m erc ia l  s u c c e s s .
A lso  i n  1892 J o s e p h  W i l l i a m  S u t t o n  o f  B r i s b a n e  
p a t e n t e d  a  m ethod o f  u s i n g  o i l  t o  c o l l e c t  f i n e  p a r t i c l e s  
o f  g o l d  p r o d u c e d  i n  t h e  c h l o r i n a t i o n  p r o c e s s .  The 
a b i l i t y  o f  c h l o r i n e  g a s  t o  e x t r a c t  g o l d  from o r e s  and 
r e s i d u e s  u n s u i t a b l e  f o r  o t h e r  t r e a t m e n t s  h a d  b e e n  
r e c o g n i s e d  i n  t h e  1 8 4 0 s .  The g a s  was p a s s e d  t h r o u g h  t h e  
c r u s h e d  and r o a s t e d  o re  i n  v a t s  t o  c o n v e r t  t h e  g o l d  t o  
s o l u b l e  g o l d  c h l o r i d e ,  which  was p r e c i p i t a t e d  w i t h  a  
s o l u t i o n  o f  f e r r o u s  s u l p h a t e .  T h i s  p r o d u c e d  f i n e  
p a r t i c l e s  w h ich  were a l l o w e d  t o  s e t t l e  f o r  a  l e a s t  48 
h o u r s ,  when t h e  w a t e r  was s i p h o n e d  o f f  and g o l d - b e a r i n g  
s l i m e s  c o l l e c t e d  from t h e  f l o o r  o f  t h e  v a t .  W ith  c a r e f u l  
management more t h e n  90 p e r  c e n t  o f  t h e  a s s a y e d  g o l d  
c o u l d  be  r e c o v e r e d ,  b u t  w h i l e  t h e  c h e m ic a l  s t a g e s  o f  
t h e  p r o c e s s  were  im p ro v e d ,  t h e  p ro b lem  o f  c o l l e c t i n g  
g o l d  r e m a i n i n g  i n  t h e  w a t e r  r e m a i n e d .
F i l t e r s  were  i n t r o d u c e d  and im p ro v e d ,  b u t  J o s e p h  
S u t t o n  o f f e r e d  a n o t h e r  s o l u t i o n  i n  h i s  B r i t i s h  p a t e n t  
n o .  2 4 ,1 4 4  o f  1892 .  He s u g g e s t e d  t h a t  su c h  p a r t i c l e s  
c o u l d  be  c a p t u r e d  by p a s s i n g  t h e  w a t e r  t h r o u g h  a  b a t h  
o f  l i g h t  o i l ,  a  p r o c e s s  s i m i l a r  t o  t h a t  p a t e n t e d  by  
J o h n  T u n b r id g e  i n  1878,  and one u s i n g  o i l  a s  a 
c o l l e c t i n g  a g e n t  r a t h e r  t h a n  e x p l o i t i n g  i t s  s e l e c t i v i t y  
i n  an  o r e  p u l p .  L ik e  t h e  e a r l i e r  o i l  p r o c e s s e s ,  S u t t o n  
f a i l e d  t o  f i n d  any c o m m erc ia l  u s e r .  At t h e  Mount Morgan 
g o l d  mine  i n  Q u e e n s la n d ,  w h ich  t h e n  p o s s e s s e d  t h e
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w o r l d ' s  l a r g e s t  g o l d  c h l o r i n a t i o n  p l a n t ,  t h e  g o l d -
h e a r i n g  l i q u o r s  were  p a s s e d  t h r o u g h  a  f i l t e r  b e d  o f
c r u s h e d  c h a r c o a l  on w h ich  t h e  g o l d  was p r e c i p i t a t e d  i n
a  r e a c t i o n  t h a t  h ad  b e e n  d e s c r i b e d  a s  e a r l y  a s  1801
Gold p a r t i c l e s  t h a t  e s c a p e d  were t r a p p e d  i n  s a w d u s t
f i l t e r s  and  t h e  p l a n t  gave  an o v e r a l l  r e c o v e r y  i n  1898
19o f  92 t o  95 p e r  c e n t .  V/hen s u c h  r e c o v e r i e s  were 
p o s s i b l e  by  c o n v e n t i o n a l  m e th o d s ,  i t  was u n l i k e l y  t h a t  
mine  m a n a g e r s  would  have  b e e n  k e e n  t o  i n v e s t  i n  such  
a  r a d i c a l  p r o p o s a l  a s  S u t t o n ' s .  I n  any e v e n t ,  a d v a n c e s  
i n  t h e  c y a n i d e  p r o c e s s  were  w id e n in g  i t s  s c o p e  and 
a p p l i c a t i o n  and r a p i d l y  d i s p l a c i n g  t h e  o n e - t i m e  
p r e e m in e n c e  o f  c h l o r i n a t i o n  f o r  t r e a t i n g  d i f f i c u l t  
g o l d  o r e .
W hile  S u t t o n  was a p p l y i n g  o i l  i n  c o n j u n c t i o n  w i t h
c h l o r i n a t i o n ,  t h e  p ro b lem  o f  f l o a t  g o l d  l o s s e s  i n
m i l l i n g  was b e i n g  t a c k l e d  by  Henry  L i v i n g s t o n e  Sulman,
who became one o f  t h e  most  r e s p e c t e d  m e t a l l u r g i s t s  o f
t h e  e a r l y  t w e n t i e t h  c e n t u r y .  I n  1893 Sulman was g r a n t e d
B r i t i s h  p a t e n t  n o .  2 4 ,9 3 9  f o r  a  method of  t r e a t i n g  t h e
w a t e r  u s e d  i n  m i l l i n g  i n  o r d e r  t o  ' d e s t r o y  o r  d i m i n i s h
20t h e  s u r f a c e  t e n s i o n  and so p r e c i p i t a t e  t h e  g o l d ' •
The w a t e r  was t o  be s o f t e n e d ,  t h e n  soap  was added 
f o l l o w e d  by  l im e  ' t o  form a  c u rd  which  c a r r i e d  down 
t h e  g o l d ' , w h ich  would be r e c o v e r e d  by  f i l t e r i n g  o r  
c h e m ic a l  t r e a t m e n t .  The p r e l i m i n a r y  s o f t e n i n g  p r e v e n t e d  
t h e  so a p  from c u r d l i n g  b e f o r e  i t  h a d  a  chance  t o  t r a p  
t h e  g o l d .  T h i s  p r o c e s s  e s s e n t i a l l y  ech o e d  J o h n
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T u n b r i d g e ’ s s e c o n d  p a t e n t ,  and S u l m a n ' s  a p p r o a c h  t o  
t h e  p rob lem  was h e a v i l y  i n f l u e n c e d  by  h i s  p r e v i o u s  
e x p e r i e n c e  a s  a  c h e m is t  i n  t h e  o i l  and soap  i n d u s t r i e s .  
A l th o u g h  t h i s  p r o c e s s  d id  n o t  f i n d  co m m erc ia l  u s e ,  
S u l m a n ' s  i n t e r e s t  i n  s u r f a c e  t e n s i o n  was o f  i m p o r t a n c e  
f o r  t h e  l a t e r  dev e lo p m en t  o f  f l o t a t i o n  i n  w h ich  he was 
d e e p l y  i n v o l v e d .
By t h e  t im e  S u lm a n ' s  r e s e a r c h e s  were coming t o  
f r u i t i o n  w i t h  t h e  f i l i n g  o f  h i s  p a t e n t  o f  1893, George 
R o b so n ,  m anager  o f  t h e  G l a s d i r  c o p p e r  mine n e a r  
D o l g e l l a u  i n  n o r t h  Wales was e x p e r i m e n t i n g  w i t h  t h e  
d i r e c t  r e c o v e r y  o f  s u l p h i d e  m i n e r a l s  w i t h  o i l .  W i t h i n  
f i v e  y e a r s  F r a n k  E lmore  h a d  b u i l t  t h e r e  t h e  w o r l d ' s  
f i r s t  p r a c t i c a l  f l o t a t i o n  p l a n t . E lm ore  h i m s e l f  was 
a  s k i l l e d  e n g i n e e r  whose t a l e n t  f o r  i n n o v a t i o n  was 
e x e m p l i f i e d  by work w i t h  h i s  f a t h e r  and b r o t h e r  i n  
t h e  f i e l d  o f  i n d u s t r i a l  e l e c t r o - m e t a l l u r g y .
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I I I  -  The E lm o res  and E l e c t r o - m e t a l l u r g y
E l e c t r o - m e t a l l u r g y ,  t h e  e x t r a c t i o n  and r e f i n i n g  of
m e t a l s  hy  t h e  u se  o f  e l e c t r i c i t y ,  was a  t e c h n o l o g y
t h a t  b lo s so m e d  i n  t h e  n i n e t e e n t h  c e n t u r y  and one t h a t
was b a s e d  on much d i s t i n g u i s h e d  s c i e n t i f i c  r e s e a r c h .
As e a r l y  a s  1800 N i c h o l s o n  and C a r l i s l e  h a d  decomposed
w a t e r  by  t h e  p a s s a g e  o f  e l e c t r i c i t y  f rom a  v o l t a i c  p i l e .
I n  t h e  same y e a r  C ru ik s h a n k  e s t a b l i s h e d  t h a t  m e t a l s
c o u l d  be d e p o s i t e d  from s o l u t i o n s  o f  t h e i r  s a l t s  by
e l e c t r o l y s i s ,  and s u g g e s t e d  t h a t  t h e  m ethod m ig h t  be
u s e d  t o  p r o d u c e  p u r e  sa m p le s  f o r  a n a l y t i c a l  p u r p o s e s . ^
I n  1806 Humphrey Davy b e g a n  t o  e x p e r i m e n t  w i t h
e l e c t r i c i t y  a t  t h e  R o y a l  I n s t i t u t i o n  i n  London .  He
c o n f i r m e d  e a r l i e r  o b s e r v a t i o n s  and i n  1807 d i s c o v e r e d
t h e  m e t a l s  p o t a s s i u m  and sodium by t h e  e l e c t r o l y s i s  o f
p o t a s h  and s o d a  r e s p e c t i v e l y .  I n  t h e  f o l l o w i n g  y e a r  he
o b t a i n e d  p o t a s s i u m  c a r b i d e  by  u se  o f  an e l e c t r i c  a r c ,
and  s e p a r a t e d  c a l c i u m ,  b a r i u m ,  s t r o n t i u m  and magnesium
from a l k a l i n e  compounds. M e rcu ry  was u s e d  a s  a  n e g a t i v e
e l e c t r o d e  w i t h  w hich  t h e  s e p a r a t e d  m e t a l  fo rm e d  an 
2
amalgam. E l e c t r o l y s i s  h a d  t h u s  d e m o n s t r a t e d  i t s  
a b i l i t y  t o  r e f i n e  m e t a l s  and became f i r m l y  e s t a b l i s h e d  
a s  a  t o o l  o f  t h e  e x p e r i m e n t a l  c h e m i s t ,  M i c h a e l  F a r a d a y , 
D a v y 's  f o r m e r  p u p i l  and a s s i s t a n t ,  f u r t h e r e d  t h e s e  
i n v e s t i g a t i o n s  a t  t h e  R o y a l  I n s t i t u t i o n  and i t  was he 
who f o r m u l a t e d  t h e  l aw s  o f  e l e c t r o l y s i s .
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Commercia l  a p p l i c a t i o n s  o f  e l e c t r o l y s i s  were 
l i m i t e d  by  t h e  a v a i l a b l e  s u p p l y  o f  c u r r e n t .  A l th o u g h  
dynamo g e n e r a t o r s  were  i n  u s e  by t h e  18 4 0s ,  t h e i r  
o u t p u t  was i n s u f f i c i e n t  t o  f u e l  p r o c e s s e s  o f  h e a t i n g  
by  e l e c t r i c  a r c ,  o r  t o  o p e r a t e  l a r g e  p l a n t s  f o r  t h e  
r e f i n i n g  o f  m e t a l s  by  e l e c t r o l y s i s .  S e v e r a l  m ethods  
o f  e l e c t r o - p l a t i n g  were d e v i s e d  and o p e r a t e d  v e r y  
s u c c e s s f u l l y ,  a s  R o b e r t  Hunt o b s e r v e d  when r e v i s i n g  
A T r e a t i s e  on t h e  P r o g r e s s i v e  Im provem ent  and P r e s e n t  
St a t e  o f  t h e  M a n u f a c t u r e s  i n  M e ta l  i n  1 8 5 2 .^  The 
e l e c t r o t y p e  employed e l e c t r o - p l a t i n g  t o  p r o d u c e  p e r f e c t  
c o p i e s  o f  p r i n t i n g  p l a t e s .  At i t s  s i m p l e s t  i t  c o n s i s t e d  
o f  p l a c i n g  an e n g r a v e d  p l a t e  a s  t h e  c a t h o d e ,  o r  
n e g a t i v e  e l e c t r o d e ,  i n  an e l e c t r o l y t i c  c e l l  w i t h  a  
s h e e t  o f  c o p p e r  a s  t h e  p o s i t i v e  a n o d e .  ^Wben c u r r e n t  was 
a p p l i e d ,  c o p p e r  was d i s s o l v e d  from t h e  anode and 
d e p o s i t e d  on t h e  o b j e c t  t o  be c o p ie d  a t  a  r a t e  
p r o p o r t i o n a l  t o  t h e  f lo w  o f  c u r r e n t .  As o n l y  t h e  f a c e  
o f  t h e  p l a t e  was t o  be c o p i e d ,  t h e  r e s t  o f  i t s  s u r f a c e  
was p r o t e c t e d  by  wax o r  v a r n i s h  w h i l e  t h e  f a c e  was 
d u s t e d  w i t h  g r a p h i t e  t o  p r e v e n t  t h e  copy b e i n g  
a t t a / c h e d .
The copy was fo rm ed  w i t h  l i n e s  i n  r e l i e f  e x a c t l y  
m a t c h i n g  t h e  d e p th  o f  t h e  o r i g i n a l  e n g r a v i n g .  To 
p r o d u c e  a  d u p l i c a t e  o f  t h e  o r i g i n a l  p l a t e  i t  v;as o n ly  
n e c e s s a r y  t o  r e p e a t  t h e  e l e c t r o t y p i n g  p r o c e s s ,  t h e  
e n g r a v i n g  b e i n g  r e p r o d u c e d  i n  c o p p e r  d e p o s i t e d  on t h e  
r e v e r s e d  e l e c t r o t y p e  p l a t e .  The p l a t e s  were  of  v e r y
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t h i n  c o p p e r  and common t y p e  m e t a l  was c a s t  on t o  i t s  
b a c k  t o  g i v e  s t r e n g t h .  The o r i g i n a l  h a n d - e n g r a v e d  p l a t e  
c o u l d  t h u s  be p r e s e r v e d  from t h e  wear o f  t h e  p r i n t i n g  
p r e s s  and  m o d i f i e d  a s  n e c e s s a r y  w i t h  new e l e c t r o t y p e  
c o p i e s  b e i n g  made.  The e f f e c t i v e n e s s  o f  t h i s  p r o c e s s  
may be  j u d g e d  by  com par ing  s u c c e s s i v e  r e p r i n t s  o f  
s h e e t s  f rom t h e  f i r s t  e d i t i o n  o f  t h e  o n e - i n c h  Ordnance  
S u rv e y  m aps ,  which  j u s t i f y  H u n t ' s  o p i n i o n  o f  t h e  
e l e c t r o t y p e  as  'o n e  o f  t h e  m ost  b e a u t i f u l  o f  t h e  
p r a c t i c a l  a p p l i c a t i o n s  o f  p h y s i c a l  s c i e n c e ' . ^
I n  t h e  w id e r  f i e l d  o f  e l e c t r o - p l a t i n g ,  j u s t  a s  t h e  
d e p o s i t i o n  o f  a  t h i n  l a y e r  o f  c o p p e r  c o u ld  p r o d u c e  a  
v a l u a b l e  p r o d u c t  s u c h  a s  a  p r i n t i n g  p l a t e ,  so t h e  
l a y i n g  down o f  a  v e r y  t h i n  d e p o s i t  o f  g o l d ,  o r  more 
commonly o f  s i l v e r ,  c o u ld  g r e a t l y  enhan ce  t h e  v a l u e  o f  
a  b a s e  m e t a l  a r t i c l e .  The f i r m  o f  E l k i n g t o n  i n  
Birmingham was i n  t h e  f o r e f r o n t  o f  co m m erc ia l  e l e c t r o ­
p l a t i n g ,  p r o d u c i n g  s i l v e r - p l a t e d  c u t l e r y ,  t a b l e w a r e  and 
o t h e r  h o u s e h o l d  g o o d s ,  and a d a p t i n g  t h e  p r o c e s s  f o r  t h e  
r e p r o d u c t i o n  o f  works  o f  a r t .  T h i s  was an e x t e n s i o n  of  
t h e  e l e c t r o t y p e ,  u s i n g  a  p l a s t e r  c a s t  a s  t h e  m a s t e r  
made c o n d u c t i v e  w i t h  a  d u s t i n g  o f  g r a p h i t e .  A s t a t u e  
c o u l d  be  p r o d u c e d  i n  s e c t i o n s  t o  be j o i n e d  and 
s t r e n g t h e n e d  by f i l l i n g  w i t h  p l a s t e r .  At f i r s t  t h e s e  
p r o c e s s e s  were  pow ered  by s im p le  v o l t a i c  c e l l s ,  b u t  t h e  
i n t r o d u c t i o n  o f  a  s u i t a b l e  dynamo g e n e r a t o r  by 
J . S .  W o o l r i c h  i n  1842 made p o s s i b l e  a  g r e a t  e x p a n s i o n  
i n  t h e  volume o f  e l e c t r o - p l a t i n g .  ( P l a t e s  8 and 9)
PLATE 8
The f i r s t  dynamo g e n e r a t o r  d e s ig n e d  s p e c i f i c a l l y  
f o r  use  i n  e l e c t r o - p l a t i n g .  P a t e n t e d  hy 
J . S .  W oo lr ich  i n  1842, t h i s  machine was 
b u i l t  i n  Birmingham i n  1844.
atvcn 80LUT10M
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PLATE 9 .
The i n t e r i o r  of  a  Birmingham e l e c t r o - p l a t i n g  
shop o f  t h e  l a t e r  n i n e t e e n t h  c e n t u r y .  C le a n in g  
t a n k s  a r e  on t h e  l e f t ;  d e p o s i t i n g  t a n k s  on t h e  
r i g h t .  Through t h e  door i s  t h e  p o l i s h i n g  and 
f i n i s h i n g  sh o p .  The dynamo i s  b e s i d e  t h e  d o o r .  
S i m i l a r  equipment  was m a n u fa c tu re d  by 
W il l ia m  Elmore L td .
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The g r o w th  o f  an e l e c t r i c a l  m a n u f a c t u r i n g  i n d u s t r y ,  
and  t h e  s p r e a d  o f  t h e  e l e c t r i c  t e l e g r a p h ,  c r e a t e d  
demand f o r  l a r g e  q u a n t i t i e s  o f  c o p p e r  w i r e  o f  h i g h  
p u r i t y  and so o f  h i g h  e l e c t r i c a l  c o n d u c t i v i t y .  Copper 
c o u l d  he r e f i n e d  t o  a b o u t  98 p e r  c e n t  p u r i t y  by 
r e p e a t e d  s m e l t i n g s ,  b u t  t h i s  i n v o l v e d  w a s te  and e v e n  
s m a l l  amounts  o f  i m p u r i t y  were s u f f i c i e n t  t o  r e d u c e  
c o n d u c t i v i t y .  Copper d e p o s i t e d  by  e l e c t r o l y s i s  was 
a lm o s t  c o m p l e t e l y  p u r e  and t h e  p r o c e s s  i n v o l v e d  a lm o s t  
no w a s t e .  A l th o u g h  C h a r l e s  W at t  s u g g e s t e d  su c h  a  
p r o c e s s  i n  B r i t i s h  p a t e n t  n o .  13 ,755  of  1851,  i t  was 
Jam es  E l k i n g t o n  o f  t h e  e l e c t r o - p l a t i n g  f i r m  who f i r s t  
made u s e  o f  i t .  I n  1865 E l k i n g t o n  p a t e n t e d  h i s  own 
m eth o d  an d  a p p a r a t u s  f o r  e l e c t r o l y t i c  r e f i n i n g  and f o u r  
y e a r s  l a t e r  he opened a  p l a n t  a t  Pembrey i n  S o u th  V/ales
The p r o c e s s  was s i m p l e .  When an e l e c t r i c  c u r r e n t  was 
p a s s e d  t h r o u g h  a  s l i g h t l y  a c i d  s o l u t i o n  o f  c o p p e r  
s u l p h a t e  from one c o p p e r  e l e c t r o d e  t o  a n o t h e r ,  t h e  
m e t a l  was d i s s o l v e d  from t h e  anode and d e p o s i t e d  on t h e  
c a t h o d e .  I f  t h e  anode was o f  common s m e l t e d  c o p p e r ,  
c o n t a i n i n g  some 92 t o  98 p e r  c e n t  o f  c o p p e r  w i t h  such  
i m p u r i t i e s  a s  l e a d ,  a r s e n i c  or  i r o n ,  and  a  low v o l t a g e  
a p p l i e d ,  t h e n  o n l y  t h e  c o p p e r  would  be d e p o s i t e d  on t h e  
c a t h o d e  w h i l e  i m p u r i t i e s  c o l l e c t e d  i n  t h e  e l e c t r o l y t e  
o r  a s  a  s l u d g e  i n  t h e  t a n k .
The c a th o d e  c o p p e r  was v e r y  p u r e  and i d e a l l y  s u i t e d  
f o r  e l e c t r i c a l  u s e .  I t  commanded a  premium i n  p r i c e  
w h ich  a f t e r  t h e  d e d u c t i o n  o f  c o s t s  r e p r e s e n t e d  t h e
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r e f i n e r ' s  p r o f i t .  B e tw een  1870 and 1890 t h e  g ro w th  o f  
e l e c t r o l y t i c  r e f i n i n g  was s low  w i th  s e v e r a l  p l a n t s  
b e in g  b u i l t  i n  B r i t a i n ,  F r a n c e ,  Germany and  t h e  U n i te d  
S t a t e s .  T h e re  w ere  i n  t h e  m ain  s m a l l  p l a n t s ,  o f t e n  
g e n e r a t i n g  t h e i r  e l e c t r i c i t y  from  w a te r  power t o  
m in im is e  c o s t s ,  and t h e  t o t a l  w o r ld  p r o d u c t i o n  o f  
e l e c t r o l y t i c  c o p p e r  was o n ly  some 3 0 ,0 0 0  t o n s  i n  1891. 
F i f t e e n  y e a r s  l a t e r  i t  h a d  r i s e n  t o  4 0 0 ,0 0 0  t o n s ,  85 
p e r  c e n t  o f  w h ich  came from  t h e  U n i te d  S t a t e s  w here  
s u f f i c i e n t  g o ld  and s i l v e r  were r e c o v e r e d  a s  i m p u r i t i e s  
t o  r e p a y  t h e  c o s t s  o f  r e f i n i n g . ^
The E lm ores*  i n n o v a t i v e  work i n  e l e c t r o - m e t a l l u r g y  
d a t e s  from t h e  l a t e  1870s when W il l ia m  E lm ore  was 
e l e c t r i c a l  e n g i n e e r  and m anager a t  t h e  w orks o f  t h e  
E l e c t r o t y p e  Company i n  B l a c k f r i a r s  R oad , S o u th w a rk ,  
S o u th  L ondon. The w orks p ro d u c e d  eq u ip m en t f o r  u se  i n  
e l e c t r o l y t i c  p r o c e s s e s ,  and  o v e r  t h e  f o l l o w i n g  t e n  
y e a r s  E lm ore  d e v e lo p e d  w i t h  h i s  so n s  F ra n k  and S t a n l e y  
a  sy s te m  o f  p ro d u c in g  c o p p e r  t u b e s  and o t h e r  a r t i c l e s  
by  e l e c t r o - d e p o s i t i o n .  I n  t h a t  t im e  t h e y  o b t a i n e d  more 
t h a n  f o r t y  p a t e n t s  i n  B r i t a i n  a l o n e ,  m ost o f  them  
c o n c e rn e d  w i th  e l e c t r o l y t i c  t e c h n i q u e s .
I n  1879 W il l ia m  E lm ore  a p p l i e d  f o r  p a t e n t  n o .  3 ,5 6 5  
t o  p r o t e c t  a  m u l t i - p o l a r  dynamo and i t s  c o n t r o l  sy s tem  
w h ich  he h a d  d e s ig n e d  s p e c i f i c a l l y  f o r  u se  i n  e l e c t r o ­
p l a t i n g .  W hile  a  dynamo i n t e n d e d  f o r  e l e c t r i c  l i g h t i n g  
was b u i l t  t o  s u p p ly  a  h i g h  v o l t a g e  t o  overcom e h ig h  

































































p ro d u c e d  a  l a r g e  c u r r e n t  a t  low  v o l t a g e .  R e s i s t a n c e  
w i t h i n  t h e  m ach ine  was m in im is e d  and l a r g e  f i e l d  
m a g n e ts  u s e d ,  and a  p a r t i c u l a r  p ro b lem  was t h e  n e e d  
t o  p r e v e n t  t h e  r e v e r s a l  o f  m a g n e t ic  p o l a r i t y  w h ich  
c o u ld  r e s u l t  from  a  r e v e r s a l  o f  c u r r e n t  i n  t h e  p l a t i n g  
c i r c u i t .  T h is  was p o s s i b l e  b e c a u s e  t h e  p l a t i n g  
s o l u t i o n s  th r o u g h  w hich  t h e  c u r r e n t  p a s s e d  c o u ld  
t h e m s e lv e s  form  g a l v a n i c  b a t t e r i e s  w i th  p o l a r i t y  
o p p o s i t e  t o  t h a t  o f  t h e  p l a t i n g  c i r c u i t .  I f  t h e  dynamo 
was s to p p e d  and t h i s  b a ck  c u r r e n t  a l lo w e d  t o  f lo w  
t h r o u g h  t h e  f i e l d  c o i l s  i t  c o u ld  in d u c e  i n  them a  
r e v e r s a l  o f  m a g n e t ic  p o l a r i t y .  When t h e  dynamo was 
s t a r t e d ,  t h e  c u r r e n t  g e n e r a t e d  w ould be of t h e  r e v e r s e  
p o l a r i t y  from  t h a t  i n t e n d e d  and would d i s s o l v e  any 
m a t a l  a l r e a d y  d e p o s i t e d .  T h is  was p r e v e n t e d  m ost s im p ly  
by  a r r a n g i n g  t h a t  any b a c k  c u r r e n t  s h o u ld  p a s s  t h r o u g h  
t h e  f i e l d  c o i l s  i n  t h e  same d i r e c t i o n  a s  i f  s e n t  by  
t h e  dynamo.
The E lm ore  dynamo, shown i n  F i g u r e  7 ,  a c h ie v e d  much 
p o p u l a r i t y  i n  e l e c t r o - p l a t i n g  b e f o r e  such  m u l t i - p o l a r  
m a c h in e s  w ere  s u p e r s e d e d  by  more e f f i c i e n t  b i - p o l a r  
dynamos to w a rd  t h e  end o f  t h e  c e n t u r y .  The dynamo was 
f i t t e d  w i t h  h o r i z o n t a l  c o i l s  wound on s o f t  i r o n  c o r e s  
m ohn ted  on u p r i g h t  i r o n  p l a t e s .  T h ese  c o i l s  fo rm ed  t h e  
f i e l d  m a g n e ts ,  w h i l e  t h e  a rm a tu re  c o i l s  w ere  m ounted  
b e tw e e n  them  on a  r e v o l v i n g  i r o n  d i s c .  The s h a f t  
c a r r y i n g  t h e  a rm a tu re  was h e l d  i n  i n s u l a t e d  b e a r i n g s  
and i t s  s p e e d  c o u ld  be c o n t r o l l e d  by a  c e n t r i f u g a l
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g o v e r n o r .  T h is  c o u ld  a l s o  he u s e d  a s  a  s w i t c h ,  
s u p p l y i n g  c u r r e n t  t o  t h e  p l a t i n g  b a t h  o n ly  when c u r r e n t  
was s u f f i c i e n t  t o  overcom e b a c k  c u r r e n t  and t h e n  
m a i n t a i n i n g  an  even  f lo w .  An a la rm  t o  w arn o f  
r e v e r s a l  was a l s o  s u g g e s t e d .
T h is  m ach ine  was p a t e n t e d  o v e r s e a s ,  i n  F r a n c e ,  
B e lg iu m , Germany and t h e  A u s t r o - H u n g a r ia n  e m p i r e ,  I t a l y ,  
Sweden and P o r t u g a l  d u r in g  1880, i n  t h e  U n i te d  S t a t e s  
i n  1881, and i n  S p a in  i n  1 8 8 5 .^  T h is  t h o r o u g h n e s s  i n  
o b t a i n i n g  p a t e n t  p r o t e c t i o n  was a  f e a t u r e  o f  a l l  t h e  
E lm o r e s '  w o rk . H is  B r i t i s h  p a t e n t  n o .  5 ,8 3 2  o f  1880 
d e s c r i b e d  a  m o d i f i c a t i o n  t o  t h e  E lm ore dynamo w hereby  
c o o l i n g  w a te r  c o u ld  be c i r c u l a t e d  th r o u g h  t h e  a rm a tu re  
c a s t i n g .  The a rm a tu re  c o r e s  w ere  t o  be made i n  s e c t i o n s  
and b r a z e d  t o g e t h e r  t o  l e a v e  w a te r  c o m p ar tm en ts  i n s i d e .  
C l e a r l y  t h e  dynamo h ad  g i v e n  t r o u b l e  t h r o u g h  o v e r h e a t i n g  
i n  u s e ,  and t h i s  w ould  have  b e e n  a  s e r i o u s  p ro b lem  as  
W il l ia m  E lm ore  was t r y i n g  t o  p ro m o te  p r o c e s s e s  i n  
w h ic h  i t s  a d v a n ta g e s  w ould  be d i s p l a y e d .
Under p a t e n t  n o .  4 ,0 9 4  o f  1880 he d e s c r i b e d  a  m ethod  
o f  e x t r a c t i n g  c o p p e r  and o t h e r  m e t a l s  from  t h e i r  o r e s  
and f o r  s e p a r a t i n g  m e t a l s  so  c o l l e c t e d .  A s o l u t i o n  o f  
c o p p e r  s a l t s  was t o  be r u n  i n t o  t a n k s  above w hich  were 
c o n n e c t in g  r o d s  from  a  dynamo, p r e f e r a b l y  E l m o r e ' s  own. 
Z in c  p l a t e s  fo rm ed  t h e  a n o d e s ,  w h i l e  s h e e t s  o f  co p p er  
were c o n n e c te d  t o  t h e  c a th o d e  r o d s .  V/hen a  c u r r e n t  was 
a p p l i e d ,  c o p p e r  was d e p o s i t e d  on th e  c a th o d e  p l a t e s  
w h i l e  z in c  was d i s s o l v e d  from  t h e  a n o d e s .  The l i q u i d
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was d r a i n e d  and t h e  z in c  p r e c i p i t a t e d  a s  z in c  o x id e  by  
b o i l i n g  w i th  m i lk  o f  l i m e .
The E lm o res  lo n g  m a in t a in e d  hope o f  e x p l o i t i n g  such  
a  p r o c e s s ,  b u t  e l e c t r o l y t i c  t i n n i n g  and g a l v a n i s i n g  
seem ed th e  b r i g h t e s t  p r o s p e c t  o f  w id e n in g  u s e  o f  t h e
E lm ore  dynamo. P a t e n t  n o .  922 o f  1881 g r a n t e d  t o
W i l l i a m 's  s i s t e r  J u l i a  E lm o re ,  p e r h a p s  f o r  l e g a l  
r e a s o n s ,  c o n c e rn e d  a  m ethod o f  g a l v a n i s i n g  i r o n  s h e e t s .  
The d u l l  c r y s t a l l i n e  d e p o s i t  r e s u l t i n g  from  e l e c t r o l y s i s  
c o u ld  be made b r i g h t  by  h e a t i n g  t h e  p l a t e  o v e r  a  s to v e  
so t h a t  th e  z in c  was m e l te d  w i th o u t  b e in g  b u r n t  o f f .  
W il l ia m  E lm o r e 's  p a t e n t  n o .  2 ,491  o f  1881 recom mended 
t h e  c l e a n i n g  o f  i t e m s  p r i o r  t o  t i n n i n g  by  r i n s i n g  them 
w i th  w a te r  c o n t a i n i n g  p o t a s h  o r  p o ta s s iu m  c y a n id e ,  and 
u s i n g  a  b l a c k  i r o n  o r  s l a t e  d e p o s i t i n g  t a n k .  T in n e d  
s h e e t s  were to  be b u r n i s h e d  a f t e r  p l a t i n g  by  p a s s i n g  
them on r o l l e r s  b e tw e e n  a  p a i r  o f  s p in n in g  b r u s h e s .
I n  1883 t h e  company o f  W il l ia m  E lm ore L td .  was
fo rm ed  w i th  an a u t h o r i s e d  c a p i t a l  o f £ 2 4 0 ,0 0 0  i n  £10
s h a r e s ,  1 6 ,0 0 0  o f  them 'A ' o r  p r e f e r e n c e  s h a r e s  and t h e  
r e m a in in g  8 ,0 0 0  'B '  o r  o r d i n a r y  s h a r e s ,  and was t o  buy 
t h e  a i l i n g  E l e c t r o t y p e  Company from  i t s  p r o p r i e t o r ,  
one S h a c k le to n  H a l l e t t .  By an a g re em e n t o f  26 A p r i l  
1883 E lm ore  and H a l l e t t ,  h a v in g  ' f o r  some t im e  c a r r i e d  
on t h e  b u s i n e s s  o f  e l e c t r i c  e n g i n e e r s  and m a n u f a c t u r e r s
o f  e l e c t r i c  and e l e c t r o l y t i c  p l a n t ,  m a c h in e ry ,  m a t e r i a l s  
and a p p l i a n c e s '  w ere  t o  s e l l  t h e i r  i n t e r e s t s  i n  t h e
B l a c k f r i a r s  Road works and a s s o c i a t e d  p r o p e r t y .  The
M
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p r i c e  was £ 4 0 ,0 0 0  i n  c a sh  p l u s  t h e  8 ,0 0 0  o r d i n a r y  
s h a r e s ,  i n t e r e s t  on w h ich  was d e f e r r e d  u n t i l  a  t o t a l  o f  
s e v e n  p e r  c e n t  h ad  b e e n  p a i d  on a l l  o t h e r  s h a r e s .  H a l f  
o f  t h e  £ 4 0 ,0 0 0  ( a f t e r  t h e  d e d u c t io n  o f  c o s t s )  p l u s  
2 ,5 0 0  o f  t h e  o r d i n a r y  s h a r e s  w ould  be p a i d  t o  W ill ia m  
E lm ore  i n  r e s p e c t  o f  l i a b i l i t i e s  o f  t h e  E l e c t r o t y p e  
Company, and E lm ore  was t o  r e m a in  a s  m anager o f  t h e  
w orks  a t  a  s a l a r y  o f  £500 a  y e a r .  I n  a d d i t i o n ,  a  sum o f  
£ 1 ,5 0 0  was t o  be d e d u c te d  from  t h e  £ 4 0 ,0 0 0  b e f o r e  i t  
was d i v i d e d  b e tw e e n  E lm ore and H a l l e t t  and p a id  
s e p a r a t e l y  t o  them i n  r e s p e c t  o f  p a t e n t s  l i s t e d  i n
Q
a  s c h e d u l e .
A f t e r  some d i f f u l t y  w i th  f i n a n c e ,  t h e  s h a r e s  h a d  
b e e n  i s s u e d  t o  t h e  v e n d o r s  by  Sem ptem ber 1883 and 
£ 1 1 ,9 4 9  r a i s e d  from  i n v e s t o r s .  Much o f  t h e  b u s i n e s s  o f  
t h e  new company l a y  w i th  t h e  E lm ore  p a t e n t s  and t h e  
E lm ore  dynamo, w hich  was d e p i c t e d  i n  t h e  co m p an y 's  
s e a l *  ( F i g u r e  8 )  T h is  r e c o n s t r u c t i o n  o f  t h e  b u s i n e s s  
h a d  l i t t l e  d i r e c t  e f f e c t  on i t s  t r a d i n g ,  w i t h  W il l ia m  
b e in g  j o i n e d  a t  B l a c k f r i a r s  Road by  h i s  two y o u n g e r  
s o n s .
A le x a n d e r  S t a n l e y  E lm ore  was b o rn  i n  1867 i n
L i v e r p o o l  w here  W il l ia m  was t h e n  em p lo y ed . I n  London
S t a n l e y  s t u d i e d  t h e o r e t i c a l  and  p r a c t i c a l  c h e m is t r y
a s  a  p r i v a t e  s t u d e n t  o f  a  Hr M uter o f  K e n n in g to n ,  and
t r a i n e d  i n  e l e c t r o - c h e m i s t r y  and  m e t a l l u r g y  a s  an 
a p p r e n t i c e  a t  t h e  B l a c k f r i a r s  Road w orks b e tw e e n  1878
and 1885 , w o rk in g  f o r  t h e  l a s t  18 m on ths  o f  t h a t  t im e
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S c h e d u le  o f  p a t e n t s  i n  t h e  a g re em e n t  o f  26 A p r i l  1883
B r i t i s h  F o r e i g n  
p a t e n t s  ^ p a ten ts
2 ,5 7 3  o f  
* 4 ,0 1 7  o f
1883
1881
1881* 2 ,5 6 0  o f  
3 ,7 5 4  o f  1881 
1 ,897A  o f  1881 
922 o f  1881 
3 ,5 6 5  o f  1879 
3 ,8 5 2  o f  1880 
2 ,491  o f  1881 
4 ,0 9 4  o f  1880
S h a c k le to n  H a l l e t t  £100
S h a c k le to n  H a l l e t t  £100
E l e c t r i c  lam ps
S h a c k le to n  H a l l e t t  £100
E l e c t r o d e s
W il l ia m  Elm ore 
P o r t a b l e  p l a t i n g  t o o l
W.A. B arlow
J u l i a  E lm ore £100
G a l v a n i s i n g  i r o n
W il l ia m  E lm ore £100
The E lm ore dynamo
W ill ia m  E lm ore  £150
C o o l in g  o f  dynamo
W il l ia m  E lm ore  £100
Making t i n  p l a t e
W il l ia m  E lm ore  £50
E x t r a c t i n g  m e t a l s  
by  e l e c t r o l y s i s
I £200
£50 None
( h a l f  s h a r e )
£100 None





( E x c e p t in g  o n e - t h i r d  
s h a r e  o f  Mr M o r r i s  
o f  D o n c a s te r )
To t a l  £ 1 .5 0 0 £950 £550
* T h ese  p a t e n t s  were e x c lu d e d  by a  l a t e r  a g re e m e n t .
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a s  chera ish  and a s s a y e r .  F r a n c i s  Edward E lm o re ,  b o r n  i n  
1864 , s t u d i e d  e l e c t r i c a l  t h e o r y  p r i v a t e l y  i n  London 
u n d e r  P r o f e s s o r s  A y r to n  and P e r r y ,  and s u b s e q u e n t ly  
became p r o f i c i e n t  i n  c h e m is t r y ,  e l e c t r o - c h e m i s t r y  and 
m e t a l l u r g y  t h r o u g h  w o rk in g  a t  B l a c k f r i a r s  R o a d .^
The E lm ores*  p r im e  c o n c e rn  was t o  i n c r e a s e  t h e  r a n g e  
o f  p r o d u c t s  t h a t  c o u ld  be made by  e l e c t r o - d e p o s i t i o n ,  
and i n  1884 F ra n k  p a t e n t e d  a  m ethod o f  p r o d u c in g  
p r i n t i n g  and  em b o ss in g  c y l i n d e r s .  T hese  w ere  u s e d  f o r  
p r i n t i n g  on c a l i c o  and s i m i l a r  c l o t h s  and t h e  em b o ss in g  
o f  w a te rm a rk s  i n  p a p e r .  The p a t t e r n  was fo rm ed  i n  r e l i e f  
on t h e  c y l i n d e r ,  t r a d i t i o n a l l y  by  c a s t i n g .  F ra n k  E lm ore 
i n s t e a d  recom mended i n  p a t e n t  n o .  1 0 ,7 2 0  o f  1884 t h e  
u s e  o f  a  m a s t e r  c y l i n d e r  fo rm ed  i n  s e c t i o n s  w i t h  t h e  
p a t t e r n  e n g ra v e d  on t h e  i n s i d e  s u r f a c e .  T h is  was p l a c e d  
a s  t h e  c a th o d e  i n  an e l e c t r o l y t i c  c e l l  and c o p p e r  
d e p o s i t e d  on t h e  i n s i d e ,  t h e  p r i n t i n g  c y l i n d e r  t h u s  
fo rm ed  b e in g  e x t r a c t e d  by  d i s m a n t l i n g  t h e  s e c t i o n s  o f  
t h e  m a s t e r .  I t  was t h e n  s t r e n g t h e n e d  by  m o u n tin g  on a  
m e ta l  c o r e ,  and t h e  p r o c e s s  was e s s e n t i a l l y  an 
a d a p t i o n  o f  t h e  e l e c t r o t y p e .
From a b o u t  1884 work a t  B l a c k f r i a r s  Road c e n t r e d  on 
d e v e lo p in g  a  m ethod  o f  p r o d u c in g  s e a m le s s  t u b e s  and 
o t h e r  h o l lo w  a r t i c l e s  by  e l e c t r o - d e p o s i t i o n .  The 
p ro b le m s  w ere  c o n s i d e r a b l e ,  p a r t i c u l a r l y  a s  t h e  co p p er  
h a d  a  c o a r s e ,  c r y s t a l l i n e  s t r u c t u r e  w h ich  made i t  
b r i t t l e .  Tubes w ould  have  t o  be drawn down t o  a  f i n a l  
s i z e ,  w h i l e  o t h e r  a r t i c l e s  w ould  r e l y  c o m p le te ly  on
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some form  o f  'b u r n i s h in g  o r  c o m p re s s io n  o f  t h e  d e p o s i t  
d u r i n g  m a n u f a c t u r e ,  w i th  s u b s e q u e n t  s o f t e n i n g  by- 
a n n e a l in g #  The f i r s t  r e q u i r e m e n t  f o r  m aking  t u b e s  was 
a  c y l i n d r i c a l  c o re  o r  m a n d re l  t h a t  c o u ld  be made 
c o n d u c t iv e  and was c a p a b le  o f  b e in g  rem oved when a  
s u f f i c i e n t  t h i c k n e s s  o f  m e ta l  h ad  b e e n  l a i d  down.
P a t e n t  n o .  1 ,7 3 7  o f  1885 d e s c r i b e s  su c h  c o r e s  made o f  
wooden s e c t i o n s  b o l t e d  t o g e t h e r  so a s  t o  be d i s m a n t l e d  
f o r  r e m o v a l .  They c o u ld  a l s o  be made i n  two s e c t i o n s  
w i t h  re m o v a b le  p a c k in g  p i e c e s  b e tw e e n .  A c o a t i n g  o f  
g r a p h i t e  was u s e d  t o  make them c o n d u c t iv e .  ( F i g u r e  9) 
P a t e n t  n o .  4 ,4 9 9  o f  1885 f i l e d  t h r e e  m onths l a t e r  
s u g g e s t e d  u s in g  f o r  a  c o re  a  s i n g l e  m e ta l  c y l i n d e r  
’w h ich  ex p an d s  on h e a t i n g  o r  c o o l in g  a t  a  r a t e  
d i f f e r e n t  from  t h e  m e ta l  o f  w hich  i t  i s  p r o p o s e d  t o  
make t h e  t u b e ’ . T h is  was t o  be c o a te d  w i th  b ro n z e  
pow der t o  p r e v e n t  t h e  d e p o s i t  a d h e r i n g ,  and r o t a t e d  i n  
t h e  b a t h  o f  e l e c t r o l y t e  t o  e n c o u ra g e  t h e  f o r m a t io n  o f  
an  ev en  d e p o s i t .  T h is  was co m p ressed  by  b u r n i s h e r s  
made o f  a  h a r d ,  n o n - c o n d u c t iv e  m a t e r i a l  su ch  a s  a g a te  
o r  g l a s s .  They w ere t o  t r a v e l  s lo w ly  a lo n g  t h e  tu b e  as  
i t  fo rm ed  and so  ru b  a g a i n s t  a l l  p a r t s  o f  t h e  s u r f a c e  
a t  r e g u l a r  i n t e r v a l s .
I n  S e p tem b er  1885 a  f u r t h e r  p a t e n t ,  n o .  1 0 ,4 5 1 ,  was 
f i l e d  t o  e x te n d  t h e  p r o c e s s  t o  make ’b o i l i n g - p a n s ,  p a n s ,  
h o l lo w —w a re ,  e t c . ’ The c o re  was i n  t h e  sh a p e  o f  th e  
p a n ’ s i n t e r i o r  and t h e  b u r n i s h e r s  made t o  f i t  t h e  
e x t e r i o r  s h a p e .  F u r t h e r  d e v e lo p m e n ts  p a t e n t e d  s u g g e s t e d
PACKING PIECE.
S e c t i o n / M -  c o r e . s  t o r  use.  
T he. C  L h ^ o K C  P r o c e s s
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a r r a n g i n g  e l e c t r o l y t i c  t a n k s  w i th  th e  c u r r e n t  r u n n in g
t h r o u g h  them i n  s e r i e s ,  p l a c i n g  p l a i n  c o p p e r  s h e e t s  a s
c a th o d e s  i n  any t a n k s  n o t  i n  u s e , ^ ^  and im p ro v in g  th e
sy s te m  o f  b u r n i s h i n g .  Gas b u b b le s  t e n d e d  t o  fo rm  on t h e
s u r f a c e  o f  t h e  c a th o d e  and gave  an uneven  f i n i s h  t o  t h e
w ork . They w ere  t o  be d i s p e r s e d  by a r r a n g i n g  p e r f o r a t e d
p i p e s  on t h e  f l o o r  o f  t h e  t a n k  and f o r c i n g  a  s t r e a m  o f
11e l e c t r o l y t e  o v e r  t h e  c a t h o d e .  The b u r n i s h e r s  w ere
fo u n d  t o  be more e f f e c t i v e  i n  t h e  form o f  r o l l e r s
p r e s s e d  a g a i n s t  t h e  s u r f a c e  o f  t h e  tu b e  r a t h e r  t h a n
s im p ly  r u b b in g  g e n t l y  a g a i n s t  i t ,  o r  i f  s m a l l  b a l l s
1 ?m ounted  on f l a t  s p r i n g s  hammered t h e  s u r f a c e .  The 
d e p o s i t e d  m e ta l  was fo u n d  t o  be im proved  i n  i t s  
r e s i s t a n c e  t o  h i g h  t e m p e r a t u r e s  i f  t h e  e l e c t r o l y t e  
t e m p e r a t u r e  was r a i s e d  above t h e  u s u a l  9 0 ° ? .  Steam 
h e a t i n g  c o i l s  w ere u s e d .  P r o d u c t s  were more e a s i l y  
fo rm ed  and rem oved i f  i r o n  m a n d re ls  were t i n n e d  o r
1 "3d ip p e d  i n  a  l e a d  a l l o y  and m ach in ed  sm ooth and t r u e .  ^ 
A l t e r n a t i v e l y  t h e  m a n d re l  m ig h t  be c o a t e d  w i t h  p a r a f f i n  
o r  g e l a t i n e ,  t h e  p a r a f f i n  b e in g  r e n d e r e d  more e f f e c t i v e  
b y  m ix in g  i t  w i th  s a l t  so t h a t  i t  m ig h t  become p o ro u s  
when t h e  s a l t  d i s s o l v e d .
The p r o c e s s  a s  i t  h a d  b e e n  d e v e lo p e d  by 1889 u s e d  a  
t a n k  b u i l t  w i t h  i n n e r  and o u t e r  s k i n s  o f  wood b e tw e e n  
w h ich  a  l a y e r  o f  b i tu m e n  was p o u r e d . T a n k s  w ere  t o  
be  a r r a n g e d  i n  two p a r a l l e l  row s i n  a  p l a t i n g  h o u s e ,  
w i th  s h a f t i n g  betw een them  d r i v i n g  t h e  m a n d r e ls  w h ich  
w ere m ounted  on wooden a x l e s  r e s t i n g  i n  g l a s s  b e a r i n g s .
: ,..
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DEPOSITING T A N K  FOR U S E  IN
THE E l m o r e  P k q c e .s s  
FIG 10
—7 2“
The anode was a  p e r f o r a t e d  c o p p e r  p l a t e  i n  t h e  f l o o r  o f
t h e  t a n k ,  w hich  was c o v e re d  w i th  c o p p e r  g r a n u l e s  t h a t
w ere  r e p l e n i s h e d  a s  t h e y  w ere consumed and s e r v e d  t o  
p r o t e c t  t h e  p l a t e  i t s e l f .  V e r t i c a l  c o p p e r  p l a t e s  were 
a l s o  a r r a n g e d  on e i t h e r  s i d e  o f  t h e  m a n d r e l .  The 
h u r n i s h e r  t r a v e l l e d  a lo n g  a  r o t a t i n g  t h r e a d e d  r o d  t h a t  
was r e v e r s e d  a t  e a c h  end o f  t h e  t a n k  by an  a u to m a t i c
c l u t c h .  T h ese  m e a su re s  w ere i n t e n d e d  t o  h e l p  p ro d u c e
an  e v e n ,  f i r m  d e p o s i t .
The f i n i s h e d  t u b e s  cou ld , be  rem oved from  t h e  m a n d re ls
by  r o l l i n g  u n d e r  p r e s s u r e  w h i l e  t h e  m a n d re l  was t u r n e d .
The e x p an d e d  t h e  c o p p e r  d e p o s i t  w hich  c o u ld  t h e n  be s l i d
o f f . ^ ^  Not o n ly  c o u ld  s i n g l e  t u b e s  be  m ade, b u t  i t  was
h o p ed  t h a t  by  o x i d i z i n g  t h e  s u r f a c e  o f  t h e  c o p p e r
d e p o s i t  a t  i n t e r v a l s  o r by v a r n i s h i n g  i t ,  s e v e r a l
l a y e r s  o f  c o p p e r  c o u ld  be b u i l t  up on a  s i n g l e  m a n d r e l .
T h ese  t h i n  t u b e s  c o u ld  be c u t  and  f l a t t e n e d  o u t  to  form
s h e e t s ,  o r  be c u t  s p i r a l l y  and  drawn down i n t o  w i r e ,  a s
c o u ld  t u b e s  o f  f u l l  t h i c k n e s s .  R a th e r  l a t e r  i t  was
fo u n d  t h a t  t h e  d e p o s i t i o n  was sp e e d e d  b y  a  f lo w  o f
e l e c t r o l y t e  p a s t  t h e  c a th o d e ,  e i t h e r  w i t h i n  t h e  t a n k
17o r from  one t a n k  t o  a n o t h e r .
W hile  t h i s  e x p e r i m e n t a l  work was b e in g  u n d e r t a k e n  
t h e  f i r m  o f  W il l ia m  E lm ore  L td .  was n o t  p r o s p e r i n g .  I t  
was wound up on 6 S ep tem ber  1886 and t h e  company*s 
s e c r e t a r y ,  W il l ia m  B o u rn e ,  a p p o in t e d  l i q u i d a t o r  a t  a  
s a l a r y  o f  £250 p e r  annum. The company owed £ 3 8 ,1 6 0  t o  
i t s  s h a r e h o l d e r s  and h ad  c o n s i d e r a b l e  t r a d i n g  d e b t s .
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E ra n k  and S t a n l e y  E lm ore  w ent t o  Sw ansea w here  t h e y
w ere  engaged  a s  c o n s u l t i n g  e n g i n e e r s  i n  c o n n e c t i o n  w i th
t h e  b u i l d i n g  o f  s e v e r a l  e l e c t r o l y t i c  c o p p e r  r e f i n e r i e s ,
b u t  o v e r  t h e  f o l l o w i n g  few y e a r s  t h e y  a l s o  f u r t h e r e d
1 8t h e i r  own r e s e a r c h e s .  C h e m is t ry  was S t a n l e y ' s
p a r t i c u l a r  i n t e r e s t  and he may have  b e e n  a  f o u n d in g
member o f  t h e  S o c i e t y  o f  C hem ica l I n d u s t r y  i n  188 1 .
I n  1886 he p a t e n t e d  w i t h  E ra n k  and h i s  f a t h e r  a  p r o c e s s
f o r  t r e a t i n g  s c r a p  t i n  p l a t e  t o  g iv e  o x id e s  o f  t i n  and 
20i r o n .  They p a t e n t e d  some m o d i f i c a t i o n s  a  few  m onths
l a t e r  b u t  t h e r e  i s  no e v id e n c e  o f  t h e  p r o c e s s  b e in g
d e v e lo p e d  f u r t h e r  and i t  may n o t  i n  t h e  e v e n t  have  
21w o rk e d . S t a n l e y  a l s o  c a r r i e d  o u t  some work i n  
c o n n e c t i o n  w i th  t h e  e l e c t r o l y t i c  p r o d u c t i o n  o f  c h l o r i n e  
and 'w i t h  t h e  l a t e  Dr H u r t e r '  d e v e lo p e d  and p a t e n t e d  a  
p r o c e s s  ' f o r  t h e  e l e c t r o l y t i c  d e c o m p o s i t io n  o f  a l k a l i n e
s u l p h i d e s  i n  t h e  c a u s t i c  l i q u o r s  p ro d u c e d  i n  t h e
22Le B la n c  p r o c e s s ' .  T h is  was d e s c r i b e d  by W il l ia m
E lm o re ,  Dr E .  H u r t e r  and H.W. Deacon i n  B r i t i s h  p a t e n t
n o .  800 o f  1885 . W il l ia m  E lm ore  was a l s o  e x p e r im e n t in g
w i th  c h e m ic a l  p r o c e s s e s ,  f o r  i n  1890 he f i l e d  t h r e e
p a t e n t s  w i t h  one W. S m ith  f o r  im p ro v em en ts  i n  t h e
m aking  o f  w h i te  l e a d ,  a  h i g h l y  p o i s o n o u s  b a s i c
23c a r b o n a te  o f  l e a d  w id e ly  u s e d  a s  a  p ig m e n t .
T hese  c h e m ic a l  r e s e a r c h e s  w ere  o v e r t a k e n  by t h e  
advance  o f  t h e  E lm ore  e l e c t r o - d e p o s i t i o n  p r o c e s s  w h ich  
was deemed r e a d y  f o r  co m m erc ia l  a p p l i c a t i o n .  I n  J a n u a r y  
1889 E lm o r e 's  P a t e n t  Copper D e p o s i t i n g  Co. L t d .  was
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fo rm ed  by  a  g ro u p  o f  b u s in e s s m e n  t h a t  i n c l u d e d
E . L .  Rawson, en  e l e c t r i c a l  e n g i n e e r  and  t h e  p r o p r i e t o r
o f  a  number o f  e l e c t r i c a l l y - b a s e d  e n t e r p r i s e s .  The
company h a d  an  a u t h o r i s e d  c a p i t a l  o f  £ 2 0 0 ,0 0 0  i n  £1 
s h a r e s ,  ^ and  on 8 March made an  a g re e m e n t  w i th  Wil 
F ra n k  and S t a n l e y  E lm ore  who a s  v e n d o r s :
c la im  t o  be a b le  t o  p ro d u c e  c o p p e r  t u b e s  w i th o u t
l i m i t  a s  r e g a r d s  s i z e  a t  t h e  p r i c e  o f  u n d e r  one
penny p e r  pound (on  t h e  b a s i s  o f  an o u tp u t  o f
tw e n ty - tw o  t o n s  p e r  week) above t h e  p r i c e  o f  C h i l i
B ar o r  o t h e r  ro u g h  c o p p e r  , , . and t h a t  su c h
co p p er  a r t i c l e s  h av e  a b s o l u t e  c o n f o r m i ty  o f  d e n s i t y ,
t h i c k n e s s ,  t e n s i l e  s t r e n g t h ,  and t r u e  c i r c u l a r
s e c t i o n  . . . and  t h a t  t h e  e l e c t r i c a l  c o n d u c t i v i t y
o f  t h e  c o p p e r  i s  f o r  a l l  p r a c t i c a l  p u r p o s e s  above
102-J- p e r  c e n t  o f  t h a t  o f  M a t t h i e s o n ' s  s t a n d a r d  of 
25p u re  c o p p e r .
The E lm o res  w ere  t o  s e l l  t h e  t e n  p a t e n t s  t h a t  fo rm ed  
t h e  b a s i s  o f  t h e s e  i m p r e s s iv e  c l a i m s ,  t o g e t h e r  w i th  t h e  
r i g h t  t o  e x p l o i t  any f u t u r e  d e v e lo p m e n ts ,  f o r  t h e  sum 
o f  £ 5 3 ,4 0 0  i n  c a sh  and 2 3 ,0 0 0  f u l l y  p a id - u p  s h a r e s  i n  
t h e  Copper D e p o s i t i n g  company.
By Ju n e  a  t o t a l  o f  6 9 ,9 8 5  s h a r e s  h ad  b e e n  i s s u e d  and 
some £ 9 0 ,0 0 0  r a i s e d  i n  c a s h .  A p l a n  t o  e s t a b l i s h  w orks 
i n  S h e f f i e l d  f a i l e d ,  b u t  so on  a f t e r  a  f a c t o r y  was b u i l t  
on t h e  s i t e  o f  a  r a c e c o u r s e  a t  P o n t e f r a c t  R oad , L e e d s ,
o
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PLATE 10
The g e n e r a t i n g  p l a n t  a t  th e  Leeds Copper Works 
a b ou t 1900. The e n g in e s  on th e  r i g h t  d r iv e  th e  
dynamos by b e l t s .
PLATE 11
I n t e r i o r  o f  th e  d e p o s i t i n g  shop a t  L eeds Copper 
Works, ab o u t  1900. The main d r i v i n g  s h a f t  can 
be s e e n  ru n n in g  be tw een  th e  tw in  rows of t a n k s  
a t  th e  bo ttom  r i g h t .  T h is  r o t a t e d  th e  t u b e s  as  
t h e y  form ed i n  t h e  e l e c t r o l y t e  w h ile  a l s o  
moving th e  b u r n i s h e r s  a lo n g  t h e  l e n g t h  of 
t h e  t a n k s .  The arm s u p p o r t i n g  t h e  b u r n i s h e r s  
f o r  t h e  s e v e r a l  t u b e s  fo rm in g  can be s e e n  a t  
th e  f a r  end o f th e  n e a r e s t  t a n k s .  T h is  t a n k  
room was 265 f e e t  l o n g .
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b e s i d e  t h e  A ire  and C a ld e r  c a n a l . T h e  w orks  was 
s e l f - c o n t a i n e d  i n  i t s  e l e c t r i c a l  s u p p ly ,  and  t h e  m ain 
t a n k  room was 265 f e e t  lo n g  and 200 f e e t  w id e .  I t  was 
d i v i d e d  i n t o  s i x  b a y s  and h e l d  216 e l e c t r o l y t e  t a n k s  
a r r a n g e d  i n  24 row s o f  n in e  t a n k s  e a c h .  Pow er t o  d r iv e  
m a n d re ls  and b u r n i s h e r s  came from  an u n d e rg ro u n d  s h a f t .  
The m a n d r e ls  w ere  c o a te d  w i th  g r a p h i t e  t h e n  im m ersed  i n  
t h e  a c i d  c o p p e r  s u l p h a t e  s o l u t i o n .  The u s u a l  s i z e  of 
t u b e  p r o d u c e d  was tw e lv e  f e e t  l o n g  and 2 i  i n c h e s  i n  
o u t s i d e  d i a m e t e r ,  a l t h o u g h  t u b e s  up t o  t h i r t e e n  f e e t  
l o n g  and  f o u r  f e e t  d i a m e te r  c o u ld  be m ade. The raw  
c o p p e r  u s e d  f o r  t h e  an o d es  was a b o u t  96 p e r  c e n t  p u re  
and  u n d e rw e n t  p r e l i m i n a r y  r o a s t i n g  i n  one o f  t h e  p l a n t  * s 
t h r e e  f u r n a c e s  t o  remove a r s e n i c  and  some o t h e r  m a jo r  
i m p u r i t i e s .  I t  was t h e n  c a s t  i n t o  t r o u g h - s h a p e d  m oulds 
t h i r t e e n  f e e t  lo n g  t o  form  anode b l o c k s  w h ich  w ere 
f i t t e d  i n t o  t h e  b a s e  o f  t h e  t a n k s .
A c o p p e r  d e p o s i t  was fo rm ed  s l o w l y ,  an a v e r a g e  tu b e  
t a k i n g  20 t o  30 days t o  b u i l d  u p ,  and t h e s e  t u b e s  
c o u ld  be draw n down t o  any  f i n a l  s i z e  r e q u i r e d .  Removal 
from  t h e  m a n d re l  was e f f e c t e d  by  r o l l i n g  t o  expand  th e  
t u b e  s u f f i c i e n t l y  t o  be s l i d  f r e e .  A n n e a l in g  was 
c a r r i e d  o u t  s u b s e q u e n t ly  a s  r e q u i r e d .  The w orks c o u ld  
a l s o  p ro d u c e  su ch  s p e c i a l i s t  i t e m s  a s  c a l i c o  d r y in g  and 
p r i n t i n g  c y l i n d e r s ,  p a p e r  m ak e r^s  r o l l s ,  pump l i n e r s  
and  vacuum cham ber domes f o r  h y d r a u l i c  ram p u m p s .
P r a n k  and  S t a n l e y  E lm ore  a c t e d  as  c o n s u l t i n g  m e t a l l ­
u r g i s t s  t o  t h e  w o rk s ,  l a t e r  f i l l i n g  t h e  p o s t s  o f  w orks
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raanager and m anag ing  d i r e c t o r  a t  v a r i o u s  t i m e s .  The 
company s e c r e t a r y  was Jam es S hu rm er, who l a t e r  a l s o  
a c t e d  as  w orks m a n a g e r .  The E lm ore p r o c e s s  d id  n o t  
p ro v e  a s  r e a d i l y  t r a n s l a t e d  t o  a  c o m m erc ia l  s c a l e  as  
t h e  p ro m o te r s  o f  th e  P a t e n t  Copper D e p o s i t i n g  company 
h a d  h o p e d .  The m ain  p ro b lem  l a y  i n  m a i n t a i n i n g  t h e  
q u a l i t y  o f  t h e  p r o d u c t  w i t h  to o  many t u b e s  b e in g  
condemned f o r  s c r a p .  T h is  l e d  t o  f i n a n c i a l  t r o u b l e s
and i n  1893 t h e  8 ,8 0 3  u n s o ld  s h a r e s  were o f f e r e d  as
28p r e f e r e n c e  s h a r e s  w i th  a  d iv id e n d  o f  t e n  p e r  c e n t .
The Copper D e p o s i t i n g  company was n o t  t h e  o n ly  
b u s i n e s s  c a r r y i n g  on t r a d e  a t  t h e  P o n t e f r a c t  R oad s i t e .
A f u r t h e r  company, E lm o r e 's  W ire M a n u f a c tu r in g  Co. L t d . ,  
h a d  b e en  fo u n d e d  i n  1890 t o  a c q u i r e  from  E lm o r e 's  
P a t e n t  Copper D e p o s i t i n g  Co, p a t e n t  r i g h t s  c o n c e r n in g  
t h e  m a n u f a c tu r e  o f  w i r e  from  e l e c t r o - d e p o s i t e d  c o p p e r ,  
t h e  w ire  b e in g  t h u s  o f  h i g h  p u r i t y  and  i n t e n d e d  f o r  
e l e c t r i c a l  u s e .  The o f f i c e s  o f  t h e  W ire M a n u f a c tu r in g  
company w ere a t  t h e  P o n t e f r a c t  Road w orks a t  t h e  
t e l e g r a p h i c  a d d r e s s  was q u o te d  a s  'C o n d u c t i v i t y ,  L e e d s ' .  
I t s  a u t h o r i s e d  c a p i t a l  was £ 3 0 0 ,0 0 0  i n  15 0 ,0 0 0  s h a r e s  
o f  £2 e a c h ,  and a  t o t a l  o f  6 4 ,3 3 3  s h a r e s  were t a k e n  up 
i n  t h e  f i r s t  y e a r  w i th  a  c a l l  o f  £1 p e r  s h a r e  r a i s i n g  
some £ 5 5 ,0 0 0 .^ ^  The W ire M a n u f a c tu r in g  company c a r r i e d  
on no t r a d e  c o m p le te ly  in d e p e n d e n t  o f  t h e  Copper 
D e p o s i t i n g  company and was r a t h e r  a  means o f  s e p a r a t e l y  
c a p i t a l i s i n g  t h e  v e n t u r e .
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The E lm o res  w ere a s  e n t h u s i a s t i c  i n  f i l i n g  p a t e n t s  
o v e r s e a s  a s  a t  home, and t h e  f o r e i g n  p a t e n t s  e q u i v a l e n t  
t o  t h o s e  b o u g h t  by  t h e  Copper D e p o s i t i n g  company w ere 
s o l d  by t h e  E lm o res  t o  Woodhouse and Rawson L t d . ,  a  
f i r m  o f  e l e c t r i c a l  e n g i n e e r s  and s u p p l i e r s  b a s e d  i n  
L ondon. I n  Ju n e  1889, some s i x  m onths a f t e r  t h e  
fo u n d in g  o f  t h e  B r i t i s h  company, E lm o r e 's  F o r e i g n  and  
C o lo n ia l  P a t e n t  Copper D e p o s i t i n g  Co. L t d .  was fo rm e d .  
I t s  a u t h o r i s e d  c a p i t a l  was £ 1 2 0 ,0 0 0  i n  t h e  form  o f
2 4 .0 0 0  s h a r e s  o f  £5 eac h  and d i v i d e d  i n t o  1 5 ,0 0 0  
p r i o r i t y  and  9 ,0 0 0  f o u n d e r  s h a r e s . A b o u t  £ 9 0 ,0 0 0  v;as 
s u b s c r i b e d  w i t h i n  a  few m o n th s .  By an a g re e m e n t  o f
21 A ugust 1889 t h e  company was t o  pay  £ 8 0 ,0 0 0  p l u s
6 .0 0 0  o f  t h e  f o u n d e r  s h a r e s  t o  Woodhouse and  Rawson L td .  
f o r  t h e  p a t e n t  r i g h t s  t o  t h e  E lm ore  p r o c e s s  i n  B e lg iu m , 
P r a n c e ,  Germany and t h e  A u s t ro - H u n g a r ia n  e m p i r e ,  I t a l y ,  
S p a in ,  Norway and t h e  U n i te d  S t a t e s ,  w h ich  w ere t o  be 
e x p l o i t e d  by  g r a n t i n g  l i c e n c e s .  To f u r t h e r  t h i s ,  and
t o  r a i s e  more c a s h  from  i n v e s t o r s ,  more c o m p an ie s  w ere  
fo rm e d .  E lm o r e 's  F re n c h  P a t e n t  Copper D e p o s i t i n g  Co. 
and E lm o r e 's  German and  A u s t r o - H u n g a r ia n  P a t e n t  Copper 
D e p o s i t i n g  Co. w ere  fo rm ed  i n  1890 , and  an A m erican  
and C an ad ian  company f o l lo w e d  two y e a r s  l a t e r .
The F r e n c h  company was e s t a b l i s h e d  i n  S e p tem b er  1890 
w i th  a  c a p i t a l  o f  £ 2 0 0 ,0 0 0  i n  £2 s h a r e s ,  t h e  i s s u e  
b e in g  u n d e r w r i t t e n  i n  p a r t  by  Woodhouse and Rawson 
U n i te d  L t d . ,  a  company fo rm ed  i n  1889 t o  am algam ate  
t h r e e  a i l i n g  Woodhouse and Rawson c o m p a n ie s .^  The new
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Elm ore company was t o  buy t h e  F r e n c h  p a t e n t s  from  t h e  
F o r e i g n  and C o l o n ia l  company, p a y in g  £ 8 ,3 5 0  w i t h i n  
s e v e n  days o f  i t s  s h a r e  i s s u e  and l a t e r  a  f u r t h e r  
£ 7 5 ,1 5 0  i n  c a sh  and  3 3 ,2 5 0  s h a r e s  i n  t h e  F r e n c h  company. 
A premium o f  t e n  s h i l l i n g s  p e r  s h a r e  was a l s o  t o  be 
p a i d  on a l l  s h a r e s  n o t  i s s u e d  t o  t h e  v e n d o r s  a s  and  
when p l a c e d .  F ra n k  and S t a n l e y  E lm ore  were t o  be 
a p p o in t e d  a s  c o n s u l t a n t s  a t  a  s a l a r y  o f  £100 e a c h  f o r  
t h r e e  y e a r s . They were a l s o  g r a n t e d  a  f r e e  l i c e n c e  f o r  
t h e  u se  o f  t h e i r  b u r n i s h e r  m echanism  i n  t h e
3,2-e l e c t r o l y t i c  e x t r a c t i o n  o f  m e ta l s  from  o r e .
I n  1892 t h e  c a p i t a l  o f  t h e  F r e n c h  company was 
i n c r e a s e d  t o  £ 4 0 0 ,0 0 0  by t h e  i s s u e  o f  a  f u r t h e r  1 00 ,000  
s h a r e s ,  b u t  on 8 J u l y  1983 t h e  Loan and F in a n c e  Co. o f  
London p e t i t i o n e d  t h e  H igh C ourt  f o r  i t s  w in d in g  up ; 
t h e y  were t h e  p r i n c i p a l  c r e d i t o r .  Jo h n  H enry  H i l l  
Dunan was a p p o in t e d  l i q u i d a t o r  i n  t h e  f o l l o w i n g  y e a r ,  
a  t a s k  from  w hich  he was n o t  r e l e a s e d  f o r  s i x  y e a r s ,  
b u t  a s  he f i l e d  no a c c o u n ts  i t  i s  u n l i k e l y  t h a t  t h e r e  
w ere  any a s s e t s  t o  be s a l v a g e d .  The F re n c h  company was 
f i n a l l y  d i s s o l v e d  i n  1907 d u r in g  a  r o u t i n e  c l e a r a n c e  of 
d e f u n c t  co m p an ie s  from  t h e  r e g i s t e r .  Woodhouse and 
Rawson U n i te d  L t d .  was s t r u c k  o f f  t e n  days l a t e r ,  
h a v in g  b e e n  wound up i n  May 1892, a l s o  by c o u r t  o r d e r .
The p r a c t i c a l  e x p l o i t a t i o n  o f  t h e  E lm ore p r o c e s s  i n
/  /
F r a n c e  was u n d e r t a k e n  by  t h e  S o c i é t é  f r a n ç a i s e  
d 'E l e c t r o - M é t a l l u r g i e  de L i v e s , w here  a  f a c t o r y  
s i m i l a r  t o  t h a t  a t  L eeds was e s t a b l i s h e d  u n d e r  t h e
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s u p e r v i s i o n  o f  M o n se iu r  S e c r e t a n  who made s e v e r a l  
im p ro v e m e n ts  t o  t h e  p r o c e s s .  At D iv e s  t h e  t a n k s  were 
f o u r  m e t r e s  lo n g  and u se d  m a n d re ls  from  t e n  t o  40 
c e n t i m e t r e s  i n  d i a m e t e r .  The a n o d es  w ere  c a s t  a s  
t r i a n g u l a r  b a r s ,  w h i le  t h e  b u r n i s h e r s  were h o l lo w  
c y l i n d e r s  o f  a g a t e .  T h ese  were made i n  two seg m en ts  
w h ich  a u t o m a t i c a l l y  lo c k e d  a b o u t  t h e  m a n d re l  and 
t r a v e l l e d  t h e  l e n g t h  o f  t h e  tu b e  b e in g  fo rm ed  i n  
a b o u t  30 m i n u t e s .  The c o p p e r  d e p o s i t  grew  a t  a b o u t  
0 .8  m i l l i m e t r e s  i n  24 h o u r s ,  and 1 ,5 0 0  h o r s e  pow er was 
r e q u i r e d  t o  p ro d u c e  some 300 t o n s  o f  t u b e s  e v e r y  m on th . 
By 1898 t h e  w orks was p r o d u c in g  o v e r  2 ,0 0 0  t o n s  o f  
e l e c t r o - d e p o s i t e d  c o p p e r  p e r  y e a r .
E l m o r e ' s  German and A u s t ro - H u n g a r ia n  P a t e n t  Copper 
D e p o s i t i n g  Co. s i m i l a r l y  p u r c h a s e d  t h e  r i g h t s  t o  t h e  
p r o c e s s  i n  t h o s e  c o u n t r i e s  and l i c e n c e d  i t s  u s e  b y  th e  
German company o f  Elm ore  M e t a l l  A .G . A f a c t o r y  was 
b u i l t  a t  S c h l a d e r n  u n d e r  t h e  c o n t r o l  o f  an e n g in e e r  
named P r e s c h l i n  who h e l d  a  number o f  m e t a l l u r g i c a l  
p a t e n t s  i n  h i s  own r i g h t .  He to o  s u c c e e d e d  i n  im p ro v in g  
upon t h e  E lm ore  p r o c e s s  and S c h l a d e r n  soon  became th e  
roost s u c c e s s f u l  o f  t h e  t h r e e  w o rk s .  The t a n k s  w ere  o f  
wood and  l i n e d  w i th  l e a d  and w ere s i x  m e t r e s  l o n g .  
Copper g r a n u l e s  ofi t h e  f l o o r  fo rm ed  t h e  anode and t h e  
e l e c t r o l y t e  was a  c o p p e r  s u l p h a t e  s o l u t i o n  c o n t a i n i n g  
t h r e e  p e r  c e n t  o f  s u l p h u r i c  a c i d .  The m a n d r e l s ,  w h ich  
c o u ld  p ro d u c e  t u b e s  up t o  2 .5  m e t r e s  i n  d i a m e t e r ,  were 
made o f  an  a l l o y  w i th  a  low  m e l t i n g  p o i n t  and  c o v e re d
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w i t h  m e ta l  f o i l  b e f o r e  b e in g  p l a c e d  i n  t h e  t a n k s .  When 
t h e  tu b e  was c o m p le te ,  t h e  m a n d re l  and  i t s  c o p p e r  
d e p o s i t  was p l a c e d  i n  a  cham ber h e a t e d  by  s team  
and t h e  a l l o y  m e l t e d  o u t .  ^ The t u b e s  p ro d u c e d  w ere 
b o t h  s t r o n g  and  o f  v e r y  p u re  c o p p e r ,  and  t h e  w orks 
o b t a i n e d  c o n t r a c t s  f o r  s u p p ly in g  t h e  German n avy  and 
m a jo r  i n d u s t r i a l  c o n c e r n s .  L ik e  t h e  o t h e r  E lm ore  p l a n t s  
i t  h a d  t o  c o n te n d  w i th  low  c o p p e r  p r i c e s  and  s m a l l  
p r o f i t  m a rg in s  d u r in g  t h e  1 8 9 0 s .
The A m erican  and  C a n ad ian  company r a i s e d  more t h a n  
£ 8 0 ,0 0 0  from  i t s  s h a r e h o l d e r s ,  b u t  f a i l e d  t o  f i n d  a  
l i c e n c e e ,  and by 1898 i t  was c l e a r  t h a t  w i t h  t h e  
e x c e p t i o n  o f  t h e  German b u s i n e s s e s ,  t h e  s u r v i v i n g  
E lm ore  com p an ies  c o u ld  n o t  lo n g  c o n t in u e  t o  t r a d e  as  
t h e i r  d e b t s  m o u n ted . On 29 Ju n e  1899 s h a r e h o l d e r s  o f  
f o u r  E lm ore  com pan ies  m et a t  t h e  Cannon S t r e e t  H o te l  
i n  London and v o t e d  t o  w ind up t h e  c o m p a n ie s .  Jam es 
Shurm er was a p p o in t e d  l i q u i d a t o r  o f  e a c h .  T h is  was 
a  p u r e l y  n o m in a l  p o s i t i o n ,  a s  he  was a l s o  s e c r e t a r y  o f  
E lm o r e 's  T r u s t  L t d . ,  a  company fo rm ed  i n  May 1899 by  
L . J .  F i r t h  o f  t h e  S h e f f i e l d  s t e e l  m ak ers  and o t h e r  
m a jo r  s h a r e h o l d e r s  i n  t h e  Copper D e p o s i t in g  company i n  
an a t t e m p t  t o  s e c u r e  t h e  i n t e r e s t s  o f  s h a r e h o l d e r s  and 
c r e d i t o r s . ^  '
The E lm ore  com pan ies  w ere t o  be am algam ated  u n d e r  t h e
T r u s t ,  w h ich  was t h e n  t o  s e l l  t h e  a s s e t s  so a c q u i r e d  t o  
t h e  E n g l i s h  E l e c t r o - M e t a l l u r g i c a l  Co. L t d . ,  w h ich  had  
b e e n  p ro m o te d  by t h e  ow ners o f  t h e  F re n c h  f a c t o r y  t o
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buy  t h e  L eeds  w o rk s .  I t s  a u t h o r i s e d  c a p i t a l  was £ 7 0 0 ,0 0 0  
i n  £1 s h a r e s ,  o f  w h ich  4 0 0 ,0 0 0  were t o  be p a i d  t o  t h e  
T r u s t  f o r  t h e  a s s e t s  o f  t h e  E lm ore  c o m p a n ie s .  E lm o r e 's  
T r u s t  i t s e l f  h a d  a  c a p i t a l  o f  4 0 0 ,0 0 0  s h a r e s  o f  £ 1 ,  o f
w h ich  a  t o t a l  o f  2 8 1 ,9 2 8  were t r a n s f e r r e d  t o  Jam es
Shurm er a s  l i q u i d a t o r  o f  t h e  c o ld  c o m p a n ie s .  He was t o  
e x ch a n g e  them f o r  s h a r e s  i n  t h o s e  co m pan ies  once a l l  
d e b t s  w ere s e t t l e d .  The o ld  E lm ore  co m p an ies  c o u ld  t h e n  
be f o r m a l l y  wound u p . 36 L i a b i l i t i e s  o f  th e  F o r e i g n  and 
C o l o n i a l  and  A m erican  and  C a n ad ian  com p an ies  w ere  
q u i c k l y  c l e a r e d  and t h e i r  s h a r e s  e x c h a n g e d ,  b u t  t h e  
much l a r g e r  d e b t s  o f  t h e  P a t e n t  Copper D e p o s i t i n g  
and W ire M a n u f a c tu r in g  com p an ie s  p ro v e d  i m p o s s i b l e  
t o  s e t t l e .
The p r o p r i e t o r s  o f  t h e  E n g l i s h  E l e c t r o - M e t a l l u r g i c a l  
company d id  n o t  f i n d  t h e  L eeds w orks a s  e a s y  t o  o p e r a t e  
p r o f i t a b l y  a s  t h e y  h a d  h o p e d .  They a t t e m p t e d  t o
r e o r g a n i s e  i t  on t h e  l i n e s  o f  t h e  D iv e s  f a c t o r y  and
e x te n d e d  t h e  w o rk s ,  b u i l d i n g  a  b r a s s  fo u n d r y  i n  w hich  
s c r a p  c o p p e r  from  r e j e c t e d  t u b e s  c o u ld  p r o f i t a b l y  be 
u s e d  i n  th e  t r a d i t i o n a l  m ethod  o f  c a s t i n g  t u b e s  a b o u t  
c o r e s .  I n  1902 t h e  co m p an y 's  name was changed  t o  t h e  
L eeds  Copper Works L t d . ,  and soo n  a f t e r  J . C .  J o b l i n g ,  
f o r m e r  m anag ing  d i r e c t o r  o f  a  Thames s h i p y a r d ,  was 
a p p o in t e d  m a n a g e r .  H e  h a d  t o  i n c r e a s e  t r a d e  t o  make 
u s e  o f  t h e  new c a p a c i t y ,  b u t  was ham pered  by an 
a g re e m e n t  b e tw ee n  t h e  m a jo r  c o p p e r  p r o d u c e r s  t h a t  made 
i n s u f f i c i e n t  a l lo w a n c e  f o r  t h e  e x t r a  c o s t s  o f
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e l e c t r o l y t i c  r e f i n i n g  and ’ t h e  p r e j u d i c e  w h ich
u n d o u b te d ly  e x i s t s  i n  E n g la n d  a g a i n s t  e l e c t r i c a l l y -
37d e p o s i t e d  c o p p e r* .  Many im p ro v e m e n ts  were t r i e d  a t  
t h e  L eeds  w o rk s ,  and t h e  Copper Works company a c q u i r e d  
an i n t e r e s t  i n  t h e  German M e t a l l  company and  l a t e r  
i n v e s t e d  i n  t h e  G l a s d i r  c o p p e r  m in e ,  b u t  i n  A p r i l  1908 
m o u n tin g  d e b t s  f o r c e d  t h e  company i n t o  l i q u i d a t i o n .  I n  
O c to b e r  1909 t h e  Y o r k s h i r e  Copper Works L td .  was fo rm ed  
t o  buy t h e  b u s i n e s s  w hich  t h e n  em ployed  a b o u t  100 p e o p l e .  
The p r i c e  o f  £ 1 2 5 ,9 5 5  c o v e re d  l i t t l e  more t h a n  m o rtg a g e  
d e b t s ,  l e a v i n g  n o t h in g  f o r  t h e  s h a r e h o l d e r s .
The p r i n c i p a l  s h a r e h o l d e r  was E lm o r e ’ s T r u s t  L t d .  o f  
w h ich  Jam es Shurm er was s e c r e t a r y .  He h a d  a l s o  b e e n  t h e  
s e c r e t a r y  o f  t h e  L eeds Copper Works company and was 
s t i l l  r e c e i v e r  o f  t h e  f o u r  o ld  E lm ore  c o m p a n ie s .  I n  t h e  
l a s t  c a p a c i t y  he w ro te  i n  e x a s p e r a t i o n  t o  t h e  B o a rd  of 
T rad e  e x p l a i n i n g  t h a t :
t h e  p o s i t i o n  o f  E lm o r e ’ s T r u s t  i s  t h a t  t h e y  owe many 
th o u s a n d s  o f  pounds t o  t h e i r  b a n k s  s e c u r e d  by a  
c h a rg e  on t h e i r  a s s e t s ,  w hich  c o n s i s t  e x c l u s i v e l y  
o f  s h a r e s  i n  t h e  L eeds  Copper Works L td .  Now t h e  
L eeds  Copper Works L td .  i s  i n  l i q u i d a t i o n  and . . . 
t h e  r e s u l t  i s  t h a t  t h e  L ee d s  Copper Works s h a r e s  
b e in g  w o r t h l e s s ,  t h e  a s s e t s  o f  E lm o re ’ s T r u s t  L td .  
a r e  e q u a l l y  w o r t h l e s s ,  and t h e r e f o r e  t h e  s h a r e s  o f
t h e  T r u s t  i t s e l f  due t o  t h e  o r i g i n a l  E lm ore  s h a r e -
-, n 3 8 .  h o l d e r s  a r e  v a l u e l e s s .
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Shurm er w ro te  t h i s  i n  F e b r u a r y  1910 and s h o r t l y  a f t e r  
he  e m ig r a te d  t o  C anada . H is  f i n a l  a c c o u n ts  -  show ing  no 
f u n d s  o r  a s s e t s  and s t a t i n g  t h a t  t h e  a f f a i r s  o f t h e  
company w ere  f u l l y  wound up -  w ere  f i l e d  from  t h e  s m a l l  
tow n o f  S ed g ew ick ,  A l b e r t a .  The co m pan ies  w ere f i n a l l y  
s t r u c k  o f f  i n  1911, a s  was E lm o r e ’ s T r u s t  i t s e l f
The L eeds  w orks f i n a l l y  b e g a n  t o  overcom e i t s  
d i f f i c u l t i e s  u n d e r  t h e  management o f  t h e  Y o r k s h i r e  
Copper Works L t d . ,  and t h e  g r e a t  demand on i n d u s t r i a l  
p r o d u c t i o n  c r e a t e d  by  t h e  G re a t  War e s t a b l i s h e d  i t s  
s u c c e s s .  The lo n g  so u g h t  i n c r e a s e  i n  volume came i n  t h e  
form  o f  d r i v i n g  b a n d s  f o r  s h e l l s ,  a s  w e l l  a s  c o n d e n s e r  
and r a d i a t o r  t u b e s ,  and t h e  f a c t o r y  was p l a c e d  u n d e r  t h e  
c o n t r o l  o f  t h e  M i n i s t r y  o f  M u n i t i o n s .  The Y o r k s h i r e  
C opper Works p r o s p e r e d  i n  t h e  1 9 3 0 s , i n t r o d u c i n g  th e  
’Y o r k s h i r e ’ r a n g e  o f  c a p i l l a r y  f i t t i n g s  f o r  d o m e s t ic  
p lu m b in g  i n  1934 . I n  1958 t h e  company m erged  w i th  t h e  
m e t a l s  i n t e r e s t s  o f  I m p e r i a l  C hem ica l I n d u s t r i e s  t o  
form  Y o r k s h i r e  I m p e r i a l  M e ta l s  L td .^ O  The L eeds w orks 
em ployed  some 3 ,5 0 0  p e o p le  i n  1980.
The E lm ore  name l i v e d  on i n  t h e  t i t l e s  o f  t h e  
a s s o c i a t e d  German and  A u s t r o - H u n g a r ia n  P a t e n t  and 
M e t a l l  c o m p a n ie s ,  t h e  S c h la d e r n  w orks e v e n t u a l l y  b e in g  
t a k e n  o v e r  by  K abel und M e ta l lw e rk e  G u te h o f f n u n g s h u t t e  
A . G . . b u t  t h e i r  d i r e c t  in v o lv e m e n t  w i t h  any o f  t h e  
com pan ies  c e a s e d  i n  1899 . The E lm ore e l e c t r o —m e t a l l ­
u r g i c a l  p r o c e s s  was a  t r u e  p i o n e e r  i n  i t s  f i e l d ,  and 
l i k e  m ost p i o n e e r i n g  v e n t u r e s  i t  met w i th  many and
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v a r i e d  d i f f i c u l t i e s .  T e c h n i c a l l y  i t  was a  v e r y  
s o p h i s t i c a t e d  p r o c e s s  t h a t  F ra n k  and S t a n l e y  E lm ore  
s u c c e e d e d  i n  d e v e lo p in g  from  f i r s t  p r i n c i p l e s  t o  
p r a c t i c a l  o p e r a t i o n .  The p o o r  co m m erc ia l  r e s u l t s  w ere  
due o n ly  i n  p a r t  t o  t h e  p r o c e s s  i t s e l f .  A l th o u g h  i t  
r e q u i r e d  c l o s e  and s k i l l e d  s u p e r v i s i o n  and n e v e r t h e l e s s  
d id  n o t  a lw ay s  p ro d u c e  t h e  r e q u i r e d  q u a l i t y  o f  t u b e s ,  
t h e  g r e a t  m a j o r i t y  o f  t h e  o u tp u t  was o f  t h e  h i g h e s t  
s t a n d a r d .  U n f o r t u n a t e l y  t h i s  c o u ld  n o t  command a  
s u f f i c i e n t l y  h i g h  premium and  demand t o  e n s u r e  f i n a n c i a l  
s u c c e s s .
The p ro b le m s  o f  t h e  o v e r s e a s  p a t e n t  com pan ies  were 
d i f f e r e n t .  A l th o u g h  t h e  f a c t o r i e s  i n  F r a n c e  and Germany 
p r o s p e r e d  more r a p i d l y  t h a n  t h a t  i n  L e e d s ,  t h e  p ro m o t io n  
o f  t h e  p a t e n t  h o l d in g  com p an ies  h a d  an a i r  o f  b e in g  
o r g a n i s e d  more w i th  a  v iew  t o  s p e c u l a t i v e  s h a r e  d e a l i n g  
t h a n  i n d u s t r i a l  i n n o v a t i o n .  The E lm o re s ,  h o w e v e r ,  h ad  
o n ly  t h e  s l i g h t e s t  o f  c o n n e c t i o n s  w i th  t h e s e  h o l d i n g  
com pan ies  and p r o b a b ly  r e c e i v e d  l i t t l e  o f  t h e  p r o c e e d s .  
By t h e  t im e  o f  th e  c o l l a p s e  i n  1899 t h e y  h a d  a l r e a d y  
l a i d  t h e  f o u n d a t i o n s  o f  t h e  E lm ore  o i l  c o n c e n t r a t i o n  
p r o c e s s ,  w h ich  was d e s t i n e d  t o  c a u s e  them more p ro b le m s  
ev en  t h a n  t h e  f a i l u r e  o f  t h e  m e t a l l u r g i c a l  c o m p a n ie s .
I t  was a l s o  t o  w in  them an i m p o r t a n t  p l a c e  i n  t h e  
h i s t o r y  o f  t h e  f l o t a t i o n  p r o c e s s ,  and  i t  b e g a n  w i th  
t h e  p u r c h a s e  o f  t h e  G la s d i r  c o p p e r  m in e .
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IV -  ’The c o p p e r  m inin g  s e t t ,  g r a n t ,  o r  l e a s e ,  known 
a s G l a s d i r i s s a * ; B i r t h p l a c e  o f  F l o t a t i o n
G l a s d i r  l i e s  on t h e  e a s t e r n  edge o f  t h e  D o l g e l l a u  g o ld  
b e l t ,  a b o u t  t h r e e  m i l e s  n o r t h  o f  t h e  to w n . The b e l t  
i t s e l f  c o v e r s  an a r e a  t o  t h e  n o r t h  o f  t h e  e s t u a r y  o f  
t h e  R iv e r  Mawddach, l y i n g  on t h e  s o u t h e r n  and s o u t h ­
e a s t e r n  f l a n k s  o f  t h e  m o u n ta in o u s  a r e a  known t o  
g e o l o g i s t s  a s  t h e  H a r le c h  Dome. The m ain  a r e a  o f  
m i n e r a l i s a t i o n  l i e s  i n  t h e  o u tc r o p p in g  o f  t h e  C logau  
s h a l e s  n e a r  D o l g e l l a u ,  w here  t h e  r o c k s  a re  i n t e r l a c e d  
w i t h  q u a r t z  v e i n s  c o n t a i n i n g  some f r e e  g o ld  t o g e t h e r  
w i t h  s u l p h i d e s  o f  c o p p e r ,  i r o n  and l e a d .  Copper and 
l e a d  w ere  b e in g  m ined  a t  s e v e r a l  s i t e s  i n  t h e  Mawddach 
v a l l e y  by t h e  end  o f  t h e  e i g h t e e n t h  c e n t u r y ,  b u t  g o ld  
was f i r s t  d i s c o v e r e d  a t  th e  Cw m heisian  E a s t  mine i n  
18 44 . V/hen t h e  news was made p u b l i c  a t  t h e  York m e e t in g  
o f  t h e  B r i t i s h  A s s o c i a t i o n  i n  t h a t  y e a r  i t  t r i g g e r e d
t h e  f i r s t  o f  s e v e r a l  m in in g  booms i n  t h i s  r e m o te  a r e a  
1
o f  M e r io n e th .
The c o p p e r  d e p o s i t s  a t  G l a s d i r  were n o t  fo u n d  i n  t h e  
C logau  s h a l e s ,  b u t  i n  t h e  F e s t i n i o g  f l a g s  t h a t  u n d e r l a y  
them  and o u tc r o p p e d  n e a r b y .  P y r i t i c  c o p p e r  s u l p h i d e s  
w ere  fo u n d  i n  a  m i n e r a l i s e d  zone o f  s h a t t e r e d  r o c k  
w h ich  a s s a y e d  o v e r a l l  a t  o n ly  one or two p e r  c e n t  o f 
c o p p e r .  T h i s  p o o r  g ra d e  was co m pensa ted  by s i z e ,  f o r  
t h e  o re  body  was n e a r l y  500 f e e t  i n  l e n g t h  a t  th e  





d e p t h .  The m ain  d e p o s i t  e x te n d e d  f o r  a b o u t  500 f e e t
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b e lo w  t h e  s u r f a c e .  The e a r l y  h i s t o r y  o f  t h e  mine i s  
u n c l e a r ,  a l t h o u g h  Thomas R eadw in , one o f  t h e  f i r s t  and 
g r e a t e s t  p r o m o te r s  o f  t h e  M e r io n e th  m in e s ,  r e c o r d e d  t h a t  
o re  w o r th  some £ 1 5 ,0 0 0  h ad  b e e n  e x t r a c t e d .  Ore was 
t a k e n  t o  a  d r e s s i n g  s i t e  a b o u t  400 y a r d s  away on t h e  
b an k  o f  t h e  s m a l l  R i v e r  L a s .  D r e s s in g  p r o b a b l y  s t a r t e d  
t h e r e  a b o u t  1855 w i th  o re  b e in g  trammed down an i n c l i n e  
from  t h e  q u a r r y  t o p .  L a t e r  an  a d i t  was d r i v e n  from  t h e  
s i t e  t o  a  p o i n t  b e n e a th  t h e  f l o o r  o f  t h e  q u a r r y .  Ore 
was s to p e d  and tram m ed th r o u g h  t h e  a d i t  and t h e  i n c l i n e  
a b a n d o n n e d .  S to p in g  e v e n t u a l l y  b ro k e  t h r o u g h  t h e  f l o o r  
o f  t h e  open  w o rk in g s  and d ev e lo p m en t  p ro c e e d e d  from  a 
s h a f t  sunk  from  t h e  a d i t  a t  a  p o i n t  a b o u t  120 f e e t  
b e lo w  t h e  s u r f a c e .
A l e a s e  on t h e  G l a s d i r  p r o p e r t y  was g r a n t e d  t o
W il l ia m  G o ld sw o r th y  R o b e r t s  o f  B a l l i n a p a r k  L odg e ,
Ovoca, I r e l a n d ,  on 11 Ju n e  1862 f o r  t h e  sum o f  £ 2 ,5 0 0 ,
%
and R o b e r t s  c a r r i e d  on o p e r a t i o n s  f o r  t h r e e  y e a r s . ^
I n  A ugu s t  1867 t h e  G l a s d i r  M in ing  Company L t d .  was 
fo rm ed  w i th  a  c a p i t a l  o f  £ 5 0 ,0 0 0  and b o u g h t  t h e  m ine 
from  R o b e r t s .  The p r i c e  v/as £1 ,5 0 0  i n  c a s h  w i t h  t h e  
b a l a n c e  a s  s h a r e s .  Work b e g a n  i n  1869, b u t  no o u tp u t  
i s  r e c o r d e d  u n t i l  1872 when 809 t o n s  o f  c o n c e n t r a t e  
w ere s o l d .  Only f i v e  t o n s  were s o l d  i n  t h e  f o l l o w i n g  
y e a r  when some £ 1 0 ,0 0 0  had  b e e n  r a i s e d  and s p e n t ,  and 
i n  May 1874 t h e  company w ent i n t o  l i q u i d a t i o n .  The 
mine was s o l d  i n  1876 and t h e  company d i s s o l v e d  
i n  1 8 8 3 .4
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The m ine  was b o u g h t  by  t h e  New G la s d i r  M in in g  Co. 
L t d . ,  w h ich  h a d  b e en  fo rm ed  w i th  a  c a p i t a l  o f  £ 3 0 ,0 0 0  
i n  J a n u a r y  1 876 . The p r i c e  v/as £ 2 2 ,3 5 0  and an  i n v e n t o r y  
o f  e q u ip m en t i n c l u d e d  i n  t h e  s a l e  r e v e a l s  t h e  o re
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c o n c e n t r a t i o n  m eth ods  i n  u s e .  I n  a d d i t i o n  t o  t ra m  
wagons and  r a i l s ,  t o o l s ,  and t h e  c o n t e n t s  o f  t h e  
b l a c k s m i t h ' s  and c a r p e n t e r ' s  sh o p s  and th e  o f f i c e ,  t h e  
s a l e  i n c l u d e d  a  l a r g e  s to n e  b r e a k e r  o f  t h e  jaw  t y p e ,  
c r u s h i n g  r o l l s ,  a  number o f  s e l f  a c t i n g  j i g g e r s  and 
f o u r  p e r c u s s i o n  t a b l e s .  Power came from  w a te r w h e e ls  and 
t h e  w hole  r e p r e s e n t e d  a  c o n v e n t io n a l  g r a v i t y  d r e s s i n g  
m i l l  o f  t h e  p e r i o d .
The New G l a s d i r  company d id  n o t  s u c c e e d  i n  b r i n g i n g  
t h e  m ine i n t o  r a p i d  p r o d u c t i o n ,  w i th  o n ly  a  s i n g l e  t o n  
o f  o re  r e c o r d e d  a s  s o l d  i n  t h e  y e a r s  1876 and  1878 , and 
t e n  t o n s  i n  1879 . I t  i s  p r o b a b le  t h a t  d e v e lo p m e n t  work 
was b e in g  c a r r i e d  on u n d e rg ro u n d  t o  e x te n d  t h e  m ain  
a d i t ,  w h i l e  on t h e  s u r f a c e  Thomas R eadw in was m aking  
e x p e r im e n t s  i n  t h e  hope o f  f i n d i n g  a  more e c o n o m ic a l  
m ethod  o f  r e c o v e r i n g  t h e  m e t a l  c o n t e n t .  H is  hope was t o  
e x t r a c t  t h e  s m a l l  amount o f  g o ld  i n  t h e  o re  by a  s e c r e t  
p r o c e s s  o f  r o a s t i n g  and  a m a lg a m a t io n ,  and i n  1881 he 
fo rm ed  t h e  M e r io n e th  M in ing  Agency Co. L t d .  t o  work t h e  
m in e ,  p r o f i t s  b e in g  s h a r e d  w i t h  t h e  New G l a s d i r  company. 
The e n t e r p r i s e  f a i l e d  and t h e  Agency went i n t o
l i q u i d a t i o n  i n  1885
C o n t r o l  r e v e r t e d  t o  t h e  New G l a s d i r  company and t h e  
mine was b r i e f l y  i n  p r o d u c t i o n  d u r in g  1889 when f o u r
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men were em ployed u n d e rg ro u n d  w i th  t h r e e  more on th e  
s u r f a c e  and n i n e t e e n  t o n s  o f  o re  were s o l d .  I n  1892 t h e  
New G la s d i r  M in ing  Company s o l d  t h e  mine t o  Samuel 
Crowder and  w ent i n t o  l i q u i d a t i o n .  Crowder l i v e d  i n  
London and i n  O c to b e r  1892 he r e g i s t e r e d  t h e  Mawddach 
M in ing  Company L td .  w i t h  a  c a p i t a l  o f  £ 1 0 ,0 0 0 .?  The 
o t h e r  d i r e c t o r s  w ere  a l l  L o n d o n ers  and Crowder h i m s e l f  
was t h e  l a r g e s t  s i n g l e  i n v e s t o r .  The m anager a t  t h e  
m ine was G eorge Robson and o p e r a t i o n s  p r o c e e d e d  r a p i d l y .  
I n  1893 t h e r e  w ere  t h r e e  m in e r s  em ployed w i t h  a  f u r t h e r  
t h i r t e e n  men on t h e  s u r f a c e  and tw e n ty  t o n s  o f  o re  were 
s o l d .  T h i r t y  t o n s  w ere  s o l d  i n  1894 when e i g h t e e n  men 
were a t  work u n d e rg ro u n d .  The g r a v i t y  d r e s s i n g  m i l l  was 
i n  u s e ,  b u t  R obson  was n o t  s a t i s f i e d  w i th  i t s  r e s u l t s  
and soon  f e l t  he h ad  d i s c o v e r e d  a  new m ethod  o f  
t r e a t i n g  t h e  d i f f i c u l t  o r e .
He h ad  ' a c c i d e n t a l l y  d i s c o v e r e d  t h e  a f f i n i t y  o f  o i l
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f o r  p y r i t e ' ,  and w i th  C ro w d e r 's  f i n a n c i a l  b a c k in g  he 
b e g a n  t o  e x p e r im e n t  w i th  a  form  o f  o i l  f l o t a t i o n .  I n  
due c o u rs e  a  m ach ine  was b u i l t  and i n  1894 a p p l i c a t i o n  
was made f o r  a  p a t e n t  t o  p r o t e c t  t h e  d e s i g n . ^  R o b s o n 's  
p r o c e s s  was s im p le  i n  p r i n c i p l e  b u t  l e s s  so  i n  p r a c t i c e .  
The o re  was c ru s h e d  t o  g iv e  a  p a r t i c l e  s i z e  o f  a b o u t  
o n e - t e n t h  o f  a  m i l l i m e t r e .  T h is  was m o is te n e d  w i t h  w a te r  
t o  p ro d u c e  a  v e r y  t h i c k  p u lp  w h ich  was p l a c e d  i n  a  t a n k  
i n  w h ich  v e r t i c a l  r o d s  w ere m ounted  and s e t  t o  r o t a t e  
i n  o r d e r  t o  s t i r  t h e  p u lp  t h o r o u g h l y .  ( F ig u r e  1 3 ) .
O i l ,  a  m ix tu r e  o f  a  ' l i g h t  h y d r o c a r b o n ,  a s  p a r a f f i n .
F I G .  1 3
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e t c . ,  and a  f a t t y  o i l ,  a s  c o l z a  o i l '  ( r a p e  s e e d  o i l )  was 
pumped i n  a t  t h e  b a s e  and f o r c e d  up t h r o u g h  t h e  c ru s h e d  
o re  a s  i t  was s t i r r e d .  I n  i t s  p a s s a g e  t h e  o i l  was t o  
c o l l e c t  and  c a r r y  away t h e  m i n e r a l  p a r t i c l e s  w h i le  
l e a v i n g  s t o n e y  w a s t e .  The o i l  was pumped t o  a  s e t t l i n g  
t a n k  from  w hich  t h e  o i l  w ould  be r e t u r n e d  f o r  f u r t h e r  
u s e .
I n i t i a l  t e s t s  w ere n o t  e n c o u r a g in g ,  b u t  by 1896 t h e  
p r o c e s s  h a d  b e e n  m o d i f i e d  t o  a l lo w  t h e  p r e l i m i n a r y  
w e t t i n g  o f  t h e  c ru s h e d  o re  w i th  ' a  l i g h t  h y d r o c a r b o n  t o  
w h ich  a  l i t t l e  f a t t y  o i l  i s  a d d e d * , o r  a l t e r n a t i v e l y  
w i t h  a  s o a p .  W ater was t h e n  added  t o  ' r e n d e r  t h e  mass
10p a s t y  and i n  c o n d i t i o n  f o r  t h e  s u b s e q u e n t  t r e a t m e n t ' .  
T h is  met w i t h  a  l i t t l e  more s u c c e s s ,  p r o b a b l y  b e c a u s e  
t h e  i n i t i a l  w e t t i n g  w i t h  o i l  i n c r e a s e d  t h e  s e l e c t i v i t y  
o f  t h e  p r o c e s s .  R e a s o n a b le  r e c o v e r i e s  were o b t a i n e d  i n  
t e s t s  u s i n g  a b o u t  one to n  o f  o r e ,  b u t  t h e  c o s t s  o f  o i l  
l o s t  d u r i n g  t h e s e  t e s t s  e x c e e d e d  th e  v a l u e  o f  m in e r a l  
r e c o v e r e d .  T h is  was a  p ro b lem  R obson c o u ld  n o t  s o l v e ,  
f o r  t h e  l i g h t  o i l  was to o  e a s i l y  a b s o rb e d  by  t h e  
p o ro u s  w a s te  r o c k .  To t h i c k e n  t h e  o i l  t o  e a s e  i t s  
r e c o v e r y  w ould  h av e  p ro d u c e d  t o o  s t i f f  a  p u lp  i n  t h e  
m ach in e  and  r e d u c e d  r e c o v e r i e s  o f  m i n e r a l .
By 1896 t h e  Mawddach Copper Company was i n  g r e a t  
f i n a n c i a l  d i f f i c u l t i e s ,  w h ich  p e r h a p s  p r e c l u d e d  t h e  
f u r t h e r  d e v e lo p m e n t o f  R o b s o n 's  p r o c e s s .  M in in g  had
c e a s e d  t h e  y e a r  b e f o r e  when t h e  company c o u ld  no l o n g e r  
p a y  w a g es .  On 3 Ju n e  1896 Herman R u d o l f  S c h m e tta u  o f
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M e ss rs  H ays , S c h m e tta u  and  Dunn, London s o l i c i t o r s  t o
t h e  E lm ore  c o p p e r  d e p o s i t i n g  b u s i n e s s e s ,  r e g i s t e r e d  t h e
company o f  H u r s t ' s  M ines L td .  T h is  u n d e r t a k i n g  h a d  a
c a p i t a l  o f  £ 6 0 ,0 0 0  i n  £1 s h a r e s  and h ad  b e e n  fo rm ed  t o
buy  t h e  G l a s d i r  m ine from  H enry  E r n e s t  H u r s t ,  a  m in in g
e n g i n e e r  and g e o l o g i s t ,  f o r  £ 5 5 ,0 0 0  o f  w h ich  £ 1 5 ,0 0 0
11was t o  be p a i d  i n  c a s h  and t h e  r e s t  a s  s h a r e s .  I t  
seem s t h a t  H u r s t  h e l d  a  m o rtg a g e  on t h e  mine and when 
t h e  Mawddach Copper Co. c o u ld  no l o n g e r  m eet i t s  d e b ts  
H u r s t  t o o k  c o n t r o l  o f  G l a s d i r .  By O c to b e r  1897 , 42 ,507  
s h a r e s  i n  H u r ë t ' s  M ines L t d .  h a d  b e e n  i s s u e d ,  2 ,5 0 0  o f  
f o r  c a s h  t o  S c h m e t ta u ,  w h i le  t h e  r e m a in in g  s e v e n  w ere 
p u r e l y  n o m in a l  f o u n d e r s '  s h a r e s .  H u r s t  h ad  t r a n s f e r r e d  
5 ,0 0 0  o f  h i s  a l l o t m e n t  t o  S c h m e t ta u ;  more s i g n i f i c a n t l y  
he  h a d  t r a n s f e r r e d  a  f u r t h e r  2 0 ,0 0 0  to  S t a n l e y  E lm ore 
who h a d  i n  t u r n  t r a n s f e r r e d  6 ,6 6 6  o f  them t o  h i s  
b r o t h e r  E r a n k .
The E lm o re s  were t h e  t r u e  p r o m o te r s  o f  H u r s t ' s  M ines 
L t d .  W i l l i a m ,  E ra n k  and S t a n l e y  E lm ore were t h e  f i r s t  
d i r e c t o r s  and W il l ia m  was a  c o n s i d e r a b l e  i n v e s t o r ,  and 
i t  was p r o b a b l y  he who o r i g i n a t e d  t h e  p r o j e c t .  Soon 
a f t e r  t h e  new m anagement to o k  o v e r  t h e r e  w ere  39 m in e r s  
a t  w ork w i t h  75 men on t h e  s u r f a c e  and  i n  t h e  l a s t  s i x  
m on ths  o f  1896 sone  37 t o n s  o f  c o n c e n t r a t e  w ere  s o l d .
By 1897 125 m in e r s  w ere em ployed  a t  G l a s d i r  w i t h  50 men 
on t h e  s u r f a c e  and 896 t o n s  o f  c o n c e n t r a t e  w ere  s o l d .  
W ith in  t h e  m ine a  s h a f t  from  t h e  a d i t  was d eep e n ed  and 
t u n n e l s  d r i v e n  from  i t  i n t o  t h e  o re  body a t  100 f e e t .
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200 f e e t ,  and 280 f e e t  be low  a d i t  l e v e l .  L a rg e  r e s e r v e s  
o f  o re  w ere  t h u s  b r o u g h t  w i t h i n  r e a c h  b u t  a t  t h e  c o s t  
o f  ev en  p o o r e r  g r a d e s .  The a v e ra g e  co p p er  c o n te n t  
d im i n i s h e d  from  a  l i t t l e  u n d e r  two p e r  c e n t  a t  t h e  
s u r f a c e  t o  l e s s  t h a n  h a l f  o f  one p e r  c e n t  a t  t h e
/Ip
l o w e s t  l e v e l s .
Ore s a l e s  gave  by no means a  good r e t u r n  f o r  t h e s e
w o rk s ,  f o r  t h e  a v e ra g e  c o p p e r  p r i c e  was t h e n  l e s s  t h a n  
£60 p e r  t o n .  I n  J a n u a r y  1989 t h e  co m p any 's  c a p i t a l  was 
i n c r e a s e d  w i t h  t h e  a u t h o r i s a t i o n  o f  an i s s u e  o f  4 0 ,0 0 0  
a d d i t i o n a l  £1 s h a r e s .  At t h e  same t im e  t h e  name was 
chan g ed  t o  t h e  more d e s c r i p t i v e  G l a s d i r  Copper M ines 
L t d .  H enry  H u r s t  so o n  a f t e r  d i s p o s e d  o f  h i s  r e m a in in g  
s h a r e s .  D e s p i t e  i t s  new name t h e  company seemed 
d e s t i n e d  t o  f o l lo w  i t s  p r e d e c e s s o r s  i n t o  l i q u i d a t i o n  
u n l e s s  some im provem ent c o u ld  be made i n  t h e  r a t e  o f  
r e c o v e r y .  On t a k i n g  o v e r  i n  1896 t h e  m i l l  h a d  b e e n  
r e e q u i p p e d  w i th  j i g s  and bum ping t a b l e s  w h ich  c o l l e c t e d  
o n ly  a b o u t  t e n  t o  tw e lv e  p e r  c e n t  o f  t h e  c o p p e r  and 
t h r e e  t o  f o u r  p e r  c e n t  o f  t h e  a s s a y e d  s i l v e r .  The 
E lm o res  s u b s e q u e n t l y  i n s t a l l e d  a  num ber o f  v a n n e r s i n  
p l a c e  o f  t h e  t a b l e s ,  and t h e  c o m b in a t io n  o f  j i g s  and 
v a n n e r 8 p ro v e d  a b le  t o  r e c o v e r  30 t o  35 p e r  c e n t  o f  t h e  
c o p p e r .
T h is  was s t i l l  f a r  from  a  s a t i s f a c t o r y  r e s u l t  and 
w i t h  a  c o m b in a t io n  o f  hope  and  d e s p a r a t i o n  f a m i l i a r  t o  
many m ine ow ners i t  was d e t i d e d  t o  t r y  t o  e x p l o i t  t h e  
s e l e c t i v e  a c t i o n  o f  o i l .  As S t a n l e y  E lm ore i n  l a t e r
«1®
a m
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y e a r s  e x p l a i n e d ,  by 1897 h i s  b r o t h e r  E ra n k  was;
an  e n g i n e e r  o f  known r e p u t a t i o n ,  h a v in g  had  a  f i r s t  
c l a s s  s c i e n t i f i c  t r a i n i n g  i n  m e c h a n ic a l ,  e l e c t r i c a l  
and  m e t a l l u r g i c a l  e n g i n e e r i n g  and  wide e x p e r i e n c e  
o f  w orks c o n s t r u c t i o n  and m anagem ent, and . . . was 
r e c o g n i s e d  a s  p o s s e s s i n g  t h a t  r a r e  c o m b in a t io n  o f  
i n v e n t i v e  m ind c o u p le d  w i th  sound  p r a c t i c a l  a b i l i t y  
t o  d e s i g n  p l a n t  f o r  a p p ly in g  on a  c o m m erc ia l  s c a l e  
t h e  p r o d u c t  o f  h i s  i m a g i n a t i o n .
At t h e  G l a s d i r  m i l l :
i t  was o b s e r v e d  t h a t  a t  t h e  a n g le  w here  one o f  t h e  
l a u n d e r s  c a r r y i n g  t h e  w a t e r - b o u r n e  p u lp  d e f l e c t e d  
t h e  s t r e a m  some s p l a s h i n g  t o o k  p l a c e ,  and  i t  so  
h a p p en e d  a l s o  t h a t  o i l  d r i p p  ecC on t o  t h e  o u t s i d e  o f  
t h e  l a u n d e r  a t  t h i s  p o i n t  from  a  s h a f t  b e a r i n g  
im m e d ia te ly  o v e rh e a d ;  a  s t r o n g  su n  was s h i n i n g  upon  
i t  and  a  g l i t t e r i n g  r e f l e c t i o n  a t t r a c t e d  th e  e y e .  On 
e x a m in a t io n  i t  was n o te d  w i t h  i n t e r e s t  t h a t  a d h e r i n g  
t o  t h e  o i l  was a  c o a t i n g  o f  w hat a p p e a r e d  t o  be 
q u i t e  c l e a n  c o p p e r  p y r i t e s ,  and i t  was re m a rk e d  t h a t  
no r o c k  seemed t o  a d h e re  t o  t h e  s u r f a c e .  A l i t t l e  
l a t e r  a  p i e c e  o f  o r d i n a r y  2 - i n c h  i r o n  s team  p i p e ,  
w h ich  was i n  su c h  a  p o s i t i o n  t h a t  t h e  d i s c h a r g e  from  
one o f  t h e  s l im e  l a u n d e r s  s p l a s h e d  a g a i n s t  i t ,  was 
fo u n d  t o  have  a  c l e a r  p i c t u r e  o f  a  m a n 's  h an d  
p r i n t e d  upon i t  i n  b r i g h t  c o p p e r  p y r i t e s ,  and t h e
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w hole  o f  t h a t  p a r t  o f  t h e  s u r f a c e  w hich  h a d  r e c e i v e d  
a  v e r y  t h i n  c o a t i n g  o f  g r e a s e  hy c o n t a c t  w i t h  th e  
h a n d  s u b s e q u e n t ly  became c o a te d  w i th  p y r i t e s  . . .
The f a c t  was b e f o r e  us t h a t  f i n e l y  d i v id e d  wet 
c o p p e r  p y r i t e s  w ould a d h e re  t o  a  g r e a s e d  s u r f a c e  
w h e re a s  f i n e l y  d i v i d e d  wet r o c k  would n o t ;  
e x p e r im e n t s  w ere im m e d ia te ly  u n d e r t a k e n  -  on a  
s m a l l  s c a l e  a t  f i r s t ,  g r a d u a l l y  i n c r e a s i n g  i n  
im p o r ta n c e  a s  e n co u rag e m en t  was o b t a i n e d .
A t t r a c t i v e  th o u g h  t h i s  p i c t u r e  o f  i n t e l l i g e n t  
o b s e r v a t i o n  l e a d i n g  t o  t h o u g h t f u l  e x p e r i m e n t a t i o n  and 
p r a c t i c a l  a p p l i c a t i o n  may b e ,  t h e  s t o r y  i s  n o t  a s  s im p le  
a s  S t a n l e y  E lm ore  s u g g e s t s .  W hile  i t  i s  l i k e l y  t h a t  t h e  
b r o t h e r s  f i r s t  saw t h a t  o i l  c o u ld  c o l l e c t  m i n e r a l  
p a r t i c l e s  a s  S t a n l e y  r e c o r d s ,  t h e y  h a d  a l r e a d y  h e a r d  o f  
t h e  phenomenon and o f  George R o b s o n 's  a t t e m p t s  t o  
e x p l o i t  i t  a t  G l a s d i r .  Samuel Crowder h ad  w r i t t e n  o f  
them i n  some d e t a i l  i n  c o r r e s p o n d e n c e  w i th  W il l ia m  
E lm ore  i n  1896, and i n  t h e  f o l l o w i n g  y e a r  he a g a i n  
w ro te  t o  S t a n l e y  a d v i s i n g  t h e  u s e  o f  o i l .  P a r t s  o f  
R o b s o n 's  m ach ine  w ere  s t i l l  a t  G l a s d i r .  N e v e r t h e l e s s ,  
P r a n k  E lm ore  h ad  no d i r e c t  e x p e r i e n c e  o f  o re  t r e a t m e n t  
b e f o r e  h i s  in v o lv e m e n t  w i t h  G l a s d i r  and i t  d o e s  seem 
l i k e l y  t h a t  t h e  o b s e r v a t i o n s  S t a n l e y  r e c o r d s  m ig h t  have  
s p u r r e d  h i s  pow ers  o f  i n v e n t i o n .  T h a t  i n v e n t i o n  was n o t  
t h e  d i s c o v e r y  o f  t h e  a f f i n i t y  o f  o i l  f o r  s u l p h i d e s ,  b u t  
t h e  p l a n t  he  b u i l t  t o  e x p l o i t  t h e  phenom enon.
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E x p e r im e n ta l  work b e g an  a t  G l a s d i r  i n  1897 , and t e s t
e q u ip m en t was g r a d u a l l y  t r a n s f o r m e d  i n t o  a  p r o t o t y p e
p l a n t  c a p a b le  o f  t r e a t i n g  f i f t y  t o n s  o f  o re  d a i l y  and
r e c o v e r i n g  70 p e r  c e n t  o f  a s s a y e d  c o p p e r  and  g o ld  and
65 p e r  c e n t  o f  t h e  s i l v e r  d e s p i t e  b e in g  ' e r e c t e d  i n  an
odd c o r n e r  o f  t h e  m i l l  i n  a  more o r  l e s s  t e m p o ra r y  
15m a n n e r ' . A s u i t a b l e  o i l  h a d  t o  be  fo u n d  and many were 
t r i e d  b e f o r e  a  t h i c k  r e s i d u e  o f  A m erican  c ru d e  o i l  was 
c h o s e n .  T h is  was t h e  t a r r y  r e s i d u e  l e f t  a f t e r  t h e  
d i s t i l l a t i o n  o f  more v a l u a b l e  f r a c t i o n s  and so  was 
c h e a p ,  c o s t i n g  a  l i t t l e  o v e r  7 d .  p e r  g a l l o n  i n  1900 .
I n  u s e  i t  was fo u n d  t o  s u p p o r t  a  l a r g e  amount o f  m in e r a l  
w i t h o u t  s in lc in g  i n  w a t e r .  W hile  a  t h i n  o i l  m ig h t  be 
d ra g g e d  down i n t o  t h e  p u lp  a s  c o a t i n g s  h o l d i n g  t o g e t h e r  
m a s se s  o f  m in e r a l  p a r t i c l e s  so r e d u c i n g  r e c o v e r y  and 
i n c r e a s i n g  o i l  l o s s ,  t h e  t h i c k  r e s i d u e  t e n d e d  t o  shed  
some o f  i t s  l o a d  and r i s e  i n t a c t  t o  t h e  s u r f a c e .  The 
v i s c o s i t y  o f  t h e  o i l  was t h u s  o f  more v a lu e  t h a n  th e  
l i g h t e r  s p e c i f i c  g r a v i t y  o f  t h e  more v o l a t i l e  o i l s  su ch  
a s  t h e  p e t r o le u m  R obson  h a d  u s e d .  The p r e c i s e  v i s c o s i t y  
c o u ld  be r e g u l a t e d  by  m a i n t a i n i n g  an even  o p e r a t i n g  
t e m p e r a t u r e  and th e  a d d i t i o n  o f  t h i n  o i l s  and t h i c k  
waxes t o  t h e  r e s i d u e  a s  n e c e s s a r y .
The u se  o f  t h i c k  o i l  r e q u i r e d  a  t h i n  o re  p u l p ,  and 
t h e  p ro b lem  was t o  mix t h e  o i l  and  p u lp  s a t i s f a c t o r i l y  
g i v e n  t h e  e x t r e m e s  o f  o i l  f l o a t i n g  on t h e  w a t e r  and 
s i n k i n g  when o v e r lo a d e d  w i th  m i n e r a l .  F r a n k  E lm ore  
e x p e r im e n te d  'w i t h  v a r y i n g  d e g re e s  o f a g i t a t i o n  o f  t h e
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O i l  w i th  t h e  f lo w in g  p u l p ,  v a r y i n g  a l l  t h e  way from  a  
g e n t l e  r o l l i n g  o v e r  o f  t h e  o i l  and p u lp  i n  t h e i r  t r a v e l  
down an i n c l i n e d  r i f f l e d  l a u n d e r ,  t o  a  v i o l e n t  
a g i t a t i o n  su c h  a s  p ro d u c e d  by  p a s s i n g  th r o u g h  a  
c e n t r i f u g a l  pump, o r  a  cone m ix e r ,  o r  an am a lg a m a tin g  
p a n .  The a t t e m p t  t o  p a s s  t h e  p u lp  a s  a  s p r a y  t h r o u g h  
a  f l o w in g  l a y e r  o f  o i l  was f o l lo w e d  by  t h e  f lo w in g  
o f  t h e  p u lp  b o th  o v e r  and u n d e r  a  f i x e d  and a  
t r a v e l l i n g  s u r f a c e  c o a te d  w i t h  o i l*
I n  t h e  m ethod  f i n a l l y  a d o p te d ,  m ix in g  t o o k  p l a c e  i n  
a  h o r i z o n t a l  drum w h ich  was r o t a t e d  on r o l l e r s  and 
d r i v e n  by  a  worm g e a r .  At e a c h  end o f  t h e  drum was a  
c i r c u l a r  o p e n in g  and i n s i d e  v/as f i t t e d  a  h e l i c a l  r i b  
w h ic h ,  c o u p le d  w i th  t h e  r o t a t i o n ,  e f f e c t i v e l y  
t r a n s f o r m e d  th e  drum i n t o  a  h e l i c a l  l a u n d e r .  The sp a ce  
b e tw e e n  t h e  r i b s  was d i v id e d  by  a  s e r i e s  o f  low  b a f f l e  
p l a t e s  so t h a t  i n  p a s s i n g  t h r o u g h  t h e  drum t h e  o re  and 
o i l  w ere  m ixed  t h o r o u g h ly  w i t h o u t  e x c e s s i v e l y  b r e a k i n g  
t h e  o i l  i n t o  s m a l l  d r o p l e t s ,  n o r  f o r c i n g  r o c k  p a r t i c l e s  
i n t o  t h e  o i l .  To p r e v e n t  o i l  becom |fing  o v e r lo a d e d ,  th e  
o i l  f e e d  p ip e  was mede t e l e s c o p i c  so i t  c o u ld  be 
a d j u s t e d  w i t h i n  t h e  l e n g t h  o f  t h e  m ix in g  drum u n t i l  t h e  
m ost b e n e f i c i a l  p o s i t i o n  was f o u n d .  The s e l e c t i v e  a c t i o n  
o f  o i l  was t h u s  p e r m i t t e d  i t s  g r e a t e s t  e x p r e s s i o n  and 
t h e  r e s u l t  was a  good r a t e  o f  r e c o v e r y  and a  c l e a n  
c o n c e n t r a t e .
O i l e d  p u lp  was r u n  from  t h e  m ix in g  drum i n t o  a  l a r g e  
p o i n t e d  box i n  w hich  t h e  w a s te  r o c k  sa n k  w h i le  t h e
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o i l  and i t s  m in e r a l  l o a d  o v e r f lo w e d .  The t a i l i n g  s t i l l  
h e l d  a  u s e f u l  amount o f  m in e r a l  and so was f e d  t o  a  
s e c o n d  m ix in g  drum, and t h e  t a i l i n g  from  t h i s  f e d  a  
t h i r d .  A f t e r  t h a t  v e r y  l i t t l e  m in e r a l  r e m a in e d .  The 
c o n c e n t r a t e  h a d  t o  be s e p a r a t e d  from  t h e  o i l  and  w i t h  
a  t h i c k  s t i c k y  o i l  t h i s  was no s m a l l  p ro b le m . I t  was 
i m p r a c t i c a l  t o  t h i n  t h e  o i l  by means o f  s o l v e n t s  o r  
h e a t i n g  a s  t h e  f i n e  m in e r a l  p a r t i c l e s  c o u ld  n o t  be 
c o l l e c t e d  by  s e t t l i n g .  F i l t e r  p r e s s e s  w ere t o o  s low  i n  
o p e r a t i o n  and r e q u i r e d  t o o  much l a b o u r .  The s o l u t i o n  
was fo u n d  i n  a  s im p le ,  y e t  s o p h i s t i c a t e d  sy s te m  o f 
c e n t r i f u g a l  s e p a r a t i o n .
The m i n e r a l - b e a r i n g  o i l  was p a s s e d  th r o u g h  a  h e a t e r  
i n t o  a  h y d r o - e x t r a c t o r  c o n s i s t i n g  o f  a  v e r t i c a l  pan  
48 i n c h e s  i n  d i a m e te r  w i th  an  in w a r d ly  p r o j e c t i n g  
f l a n g e  a t  t h e  t o p  o v e r  w h ich  d i s c h a r g e  to o k  p l a c e .  The 
p a n  spun  a t  o v e r  1 ,0 0 0  r e v o l u t i o n s  p e r  m in u te ,  and i t  
was f i r s t  c h a rg e d  w i th  w a te r  w hich  fo rm ed  a  w a l l  t o  t h e  
d e p th  o f  t h e  f l a n g e .  H e a te d  o i l  was f e d  down a  p i p e  t o  
t h e  b o tto m  o f  t h e  p a n ,  and  i t  p a s s e d  upw ards fo rm in g  a 
t h i n  l a y e r  o v e r  t h e  w a l l  o f w a te r  b e f o r e  e s c a p i n g  o v e r  
t h e  l i p .  W hile  t r a v e l l i n g  upw ard t h e  m in e r a l  p a r t i c l e s  
w ere  f o r c e d  from  t h e  o i l  by  t h e i r  g r e a t e r  d e n s i t y  and 
s e t t l e d  a g a i n s t  t h e  w a l l  o f  t h e  p a n .  When i t  was a lm o s t  
e q u a l  t o  t h e  d e p th  o f  t h e  f l a n g e  t h e  p an  was s to p p e d  and 
t h e  c o n c e n t r a t e  dug o u t .  The c l e a n e d  o i l  was pumped t o  
s t o r a g e  t a n k s  and  a f t e r  c o o l i n g  was u s e d  a g a i n .  T h is  
p ro v e d  an e f f e c t i v e  means o f  s e p a r a t i o n ,  a  sam ple  o f
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o i l  b e in g  fo u n d  t o  c o n t a i n  o n ly  0 .1 5  p e r  c e n t  o f  s o l i d  
m a t t e r  a f t e r  much u s e . ^ ?  Some o i l  r e m a in e d  i n  t h e  
c o n c e n t r a t e  and t h i s  was d r i e d  i n  a  seco n d  c e n t r i f u g e  
f i t t e d  w i th  a  p e r f o r a t e d  drum t o  s p i n  o f f  t h e  o i l ,  a  
m ach in e  a l r e a d y  i n  u s e  f o r  d r y in g  s u g a r .  By t h i s  means 
l o s s e s  o f  o i l  w ere r e d u c e d  t o  a b o u t  two g a l l o n s  p e r  t o n  
o f  o re  t r e a t e d  when t h e  p l a n t  o p e r a t e d  on r u n s  o f  a b o u t  
700 t o n s  o f  o r e .
I n  1898, when b o th  c o n v e n t i o n a l  and o i l  d r e s s i n g  
p l a n t s  w ere i n  u s e ,  G l a s d i r  p ro d u c e d  2 ,5 4 4  t o n s  of 
c o n c e n t r a t e . T h is  was t h e  h i g h e s t  a n n u a l  o u tp u t  
r e c o r d e d  by  t h e  m ine and r e f l e c t e d  th e  d e e p e n in g  o f  
t h e  w o r k in g s .  The o i l  p l a n t  h ad  p ro v e d  c a p a b le  o f 
d o u b l in g  t h e  r a t e  o f  r e c o v e r y  p o s s i b l e  by g r a v i t y  
m e th ods  and t h e  E lm o res  f e l t  j u s t i f i e d  i n  p l a n n i n g  t o  
rem ove t h e  j i g  and v a n n e r  p l a n t  t o  make room f o r  a  f u l l  
c o m m erc ia l  o i l  c o n c e n t r a t i o n  p l a n t .  I t  was a l s o  t im e  t o  
a p p ly  f o r  p a t e n t  p r o t e c t i o n .  E ra n k  E lm ore d e s c r i b e d  h i s  
p r o c e s s  and t h e  m a c h in e ry  u se d  i n  B r i t i s h  p a t e n t  
n o .  2 1 ,9 4 8  f i l e d  i n  O c to b e r  1898 . O v e rsa a s  
p a t e n t s  f o l l o w e d .  By t h i s  t im e  t h e  P a t e n t  Copper 
D e p o s i t i n g  company was i n  deep  f i n a n c i a l  t r o u b l e  and 
t h e  E lm o res  lo o k e d  t o  t h e i r  new p r o c e s s  f o r  t h e i r  
f u t u r e  p r o s p e r i t y .  As e a r l y  a s  O c to b e r  1898 an 
a g re e m e n t  was made b e tw e e n  G l a s d i r  Copper M ines L td .  
and E ra n k  E lm ore  u n d e r  w h ich  he l i c e n s e d  t h e  u se  o f  h i s  
p r o c e s s  a t  t h e  mine i n  r e t u r n  f o r  5 0 ,0 0 0  £1 s h a r e s  i n
18t h e  company and a  r o y a l t y  on e a c h  t o n  of o re  t r e a t e d .
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D u rin g  1899 t h e  o i l  p r o c e s s  was r e f i n e d  a t  G l a s d i r  
and  t h e  o r i g i n a l  p l a n t  r e b u i l t  i n  a  more p e rm a n e n t  fo rm . 
O u tp u t  was 474 t o n s  o f  c o n c e n t r a t e .  The m i l l  was v i s i t e d  
by  a  number o f  m e t a l l u r g i s t s  k e e n  t o  s e e  t h e  new p r o c e s s  
i n  o p e r a t i o n .  One su c h  was C h a r le s  R o lk e r  who s p e n t  
s e v e r a l  days  c o n d u c t in g  t e s t s  on r e c o v e r y  and o i l  
c o n s u m p t io n .  He a l s o  made some t e s t s  u s i n g  a  p a r c e l  
o f  o re  from  t h e  A s s o c ia t e d  mine a t  K a l g o o r l i e ,  b u t  
t h e s e  r e s u l t s  w ere  u n s a t i s f a c t o r y  b e c a u s e  a l t h o u g h  th e  
o re  was s i m i l a r  i n  c o p p e r  c o n te n t  t o  t h a t  a t  G l a s d i r  
i t  was i n  a  p o ro u s  r o c k  t h a t  a b s o r b e d  t o o  much o i l  and 
so  e i t h e r  f l o a t e d  w i t h  t h e  m in e r a l  o r  c a r r i e d  t h e  o i l  
away t o  w a s t e .
By t h i s  t im e  t h e  w a s te  and  i t s  d i s p o s a l  h a d  become a  
m a jo r  p r o b le m .  As e a r l y  a s  1889 , u n d e r  t h e  m anagem ent 
o f  t h e  New G l a s d i r  company, a  l e a s e  h ad  b e e n  t a k e n  on 
4 i  a c r e s  o f  l a n d  a t  T y * n -y -b e n rh o s  t o  t h e  n o r t h  o f  t h e  
m i l l  s i t e . ^ ^  H ere  t h e  t a i l i n g s  w ere  dumped, t h e  f i n e s t  
m a t e r i a l  f l o w in g  i n  wooden l a u n d e r s  from  t h e  m i l l  t o  be 
d i s c h a r g e d  t h r o u g h  g a p s  i n  t h e  l a u n d e r  w a l l s .  The 
d r a i n i n g  o f  t h e s e  f i n e  s l i m e s  i n t o  t h e  R i v e r  Mawddach 
a t  G e l l ig e m ly n  P o o l  p o i s o n e d  sa lm o n , and t h e  f r e q u e n t  
w a sh in g  away o f  much h e a v i e r  m a t e r i a l  and g r a v e l  i n  
t im e  o f  f l o o d  was t h e  c a u se  o f  much c o m p l a i n t .  Not o n ly  
was t h e  w a te r  muddied down s t r e a m ,  b u t  sa n d  and g r a v e l  
b a n k s  b u i l t  up c a u s in g  t h e  r i v e r  t o  s c o u r  o u t  i t s  b a n k s  
and o v e r f lo w  on t o  f a r m l a n d .  The g r a v e l  b a n k s  t o  t h e  




(C o u r te s y  of Gwynedd A rc h iv e s  S e r v ic e )
PLATE 13
G l a s d i r  m ine , 10 March 1899, showing t h e  mounds 
o f t a i l i n g s  d i s c h a r g e d  from t h e  l a u n d e r  a t  t h e  
h ead  o f t h e  p i c t u r e  and l o o k i n g  u p s t r e a m  from 
th e  Mawddach.
iE




(C o u r te s y  of Gwynedd A rc h iv e s  S e r v ic e )
PLATE 14
G l a s d i r  m ine , 10 March 1899, showing t h e  mounds 
o f  t a i l i n g s ,  b u t  lo o k in g  downstream to w a rd  th e  
Mawddach.
%
(C o u r te s y  of Gv/ynedd A rc h iv e s  S e r v i c e )
PLATE 15
G e l l ig e m ly n  P o o l ,  August 1898, showing th e  mine 
w aste  d e p o s i te d  where t h e  Las j o i n s  t h e  R iv e r  
Mawddach. A hand-d raw n  l i n e  marks th e  o r i g i n a l  
hank of th e  r i v e r .
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e v id e n e e  o f  t h e  s c a l e  o f  t h e  p ro b le m ,  w h ich  r e s u l t e d  i n  
l e g a l  a c t i o n  b e in g  t a k e n  a g a i n s t  t h e  G l a s d i r  Copper 
M in in g  Co. i n  1899 , t h e  c a s e  b e in g  s e t t l e d  o u t  o f  
c o u r t .
I n  t h a t  y e a r  a l s o  E ra n k  E lm ore  p a t e n t e d  some
im p ro v e m e n ts  t o  a  d e s ig n  o f  u n i p o l a r  dynamo f o r  u se  i n
e l e c t r o l y t i c  work on w hich  he h a d  b e e n  w o rk in g  f o r  some 
19y e a r s ,  and  a p p l i e d  h i s  e n g i n e e r i n g  s k i l l  t o  t h e
d e s i g n  o f  v a n n e r s .  I n  1900 he p a t e n t e d  w i th  W a l te r
M cDermott a  v a n n in g  m ach ine  w i th  two p a r a l l e l  b e l t s
20b e tw e e n  w h ich  w ere  m ounted  t h e  d r i v e  m ec h an ism s .
McDermott was a  m in in g  e n g i n e e r  o f  c o n s i d e r a b l e
r e p u t a t i o n  v;ho h a d  p la y e d  a  l a r g e  p a r t  i n  t h e  d ev e lo p m en t 
21o f  t h e  v a n n e r .  He h a d  known t h e  E lm o res  f o r  s e v e r a l  
y e a r s ,  a d v i s i n g  on t h e  r e m o d e l l i n g  o f  t h e  G l a s d i r  m i l l ,  
and  was t o  r e m a in  one o f  t h e i r  s t a u n c h e s t  s u p p o r t e r s  
and f r i e n d s  th r o u g h  t h e  many y e a r s  o f  l i t i g a t i o n  t h a t  
f o l l o w e d .  % e n  t h e  E lm o res  so u g h t  f i n a n c i a l  a i d  f o r  
t h e  d ev e lo p m en t  o f  t h e i r  o i l  p r o c e s s  i n  1899 i t  was 
W a l te r  McDermott and Hennen J e n n i n g s ,  p r e s i d e n t  o f  t h e  
I n s t i t u t i o n  o f  M in ing  and  M e t a l l u r g y  i n  1904 , who f i r s t  
showed i n t e r e s t  i n  t h e  f o r m a t io n  o f  a  p r i v a t e  s y n d i c a t e  
t o  e x p l o i t  t h e  p r o c e s s .  E u r t h e r  f i n a n c e  came from  th e  
S o u th  A f r i c a n  diamong and  m in in g  company o f  W ern er ,
B e i t  and Co. who hoped  t o  a p p ly  o i l  c o n c e n t r a t i o n  t o  
low  g ra d e  c o p p e r  o r e s  i n  A f r i c a .
22I n  May 1900 t h e  Ore C o n c e n t r a t i o n  S y n d ic a t e  L td .  
was fo rm ed  w i th  a  c a p i t a l  o f  £ 2 5 ,0 0 0  i n  £1 s h a r e s .
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I t s  d i r e c t o r s  w ere E ra n k  and S t a n l e y  E lm ore  and W a l te r  
M cD erm ott, and i t s  f i r s t  a c t i o n  was t o  buy E ra n k  
E l m o r e ' s  p a t e n t  r i g h t s  t o  t h e  o i l  p r o c e s s  f o r  £ 2 2 ,5 0 0  
p a i d  i n  £1 s h a r e s .  The s y n d i c a t e  t h e n  b eg an  t o  
p u b l i c i s e  t h e  p r o c e s s  and i n  t h i s  i t  was h e lp e d  by  
t h e  p a p e r  p r e s e n t e d  by  C h a r le s  R o lk e r  t o  t h e  I n s t i t u t i o n  
o f  M in ing  and  M e t a l l u r g y  i n  w h ich  he r e p o r t e d  on h i s  
t e s t s  a t  G l a s d i r .
A l th o u g h  he  c o n s i d e r e d  i t  * a  somewhat d i r t y  and 
n a s t y  p r o c e s s ' ,  i n  p a r t  b e c a u s e  he h ad  made u se  o f  t h e  
p r o t o t y p e  p l a n t ,  and one t h a t  r e q u i r e d  c a r e f u l  s u p e r ­
v i s i o n ,  R o lk e r  f e l t  i t  was c a p a b le  o f  w ide  a p p l i c a t i o n  
on low  g r a d e  s u l p h i d e  o r e s ,  w h i le  ' t h e  m e c h a n ic a l  
c o n t r i v a n c e s  b r o u g h t  i n t o  a c t i o n  by t h e  i n v e n t o r  a r e  
e x c e l l e n t l y  a d a p te d  t o  t h e  work demanded, and  b e s p e a k  
v e r y  c a r e f u l  t h o u g h t ,  a s  w e l l  a s  p a t i e n t  s y s t e m a t i c  and 
h i g h l y  o r i g i n a l  w o r k ' , To c o n t i n u e  d ev e lo p m e n t f u r t h e r  
i n v e s tm e n t  came from  su c h  f i r m s  as  C o n s o l i d a t e d  Gold 
E i e l d s ,  t h e  Gold M ines I n v e s tm e n t  T r u s t ,  and t h e  S o u th  
A f r i c a n  G old  T r u s t .  At t h e  same t im e  E ra n k  E lm ore  s o l d  
t h e  U n i te d  S t a t e s  r i g h t s  t o  t h e  p r o c e s s  t o  C h a r l e s  
B u t t e r s ,  who t r i e d  i t  on o re  from  t h e  Mammoth Copper 
Co. i n  U tah  w i t h  u n c e r t a i n  r e s u l t s . P r e v i o u s  t r i a l s  
i n  t h e  U n i t e d  S t a t e s  by  t h e  B o s to n  C o n s o l i d a t e d  C o . ,
Cape Copper C o . ,  and t h e  Namaqua Copper Co. h a d  a l l
p ro v e d  f a i l u r e s  and no c o m m erc ia l  a p p l i c a t i o n  was




An Elm ore o i l  c o n c e n t r a t i o n  p l a n t  b u i l t  by 
E r a s e r  and C halm ers L td .  i n  1902. The m ix ing  
drums would i n  o p e r a t i o n  o v e rf lo w  i n t o  th e  
p o i n t e d  b o x e s .
. • • f V f  r ,  ' , '




S ide  v iew  of an Elmore o i l  c o n c e n t r a t i o n  p l a n t  
b u i l t  by F r a s e r  and C halm ers  L td ,  i n  1902.
- 101 -
The Ore C o n c e n t r a t i o n  S y n d ic a t e  e s t a b l i s h e d  a  
t e s t i n g  w orks  i n  London e q u ip p e d  w i th  a  c r u s h i n g  m i l l  
and  o i l  p l a n t  c a p a b le  o f  t r e a t i n g  25 t o n s  o f  o re  d a i l y .  
P a r c e l s  o f  o re  w ere  s e n t  from  m in es  t o  be t e s t e d  f o r  
s u i t a b i l i t y  t o  o i l  m e th o d s ,  t h e  t e s t s  u s u a l l y  b e in g  
s u p e r v i s e d  by  in d e p e n d e n t  c o n s u l t i n g  e n g i n e e r s .  T h is  
m a c h in e ry ,  a s  w e l l  a s  t h e  o i l  p l a n t s  nov/ b e in g  o f f e r e d  
f o r  s a l e ,  was b u i l t  by  F r a s e r  and C ha lm ers  L t d . ,  a  f i r m  
w i t h  w h ich  W a l te r  McDermott was a s s o c i a t e d .  T h ese
I
c o m m erc ia l  p l a n t s  were s u p p l i e d  i n  u n i t s  o f  t h r e e  
m ix in g  c y l i n d e r s  w i th  s e p a r a t i n g  b o x e s ,  t h e  o re  p u lp  
b e in g  t r e a t e d  t h r e e  t i m e s  b e f o r e  t h e  t a i l i n g s  f i n a l l y  
w en t t o  w a s t e ,  a s  i n  t h e  p r o t o t y p e  p l a n t .  E ach  u n i t  
o f  t h r e e  c y l i n d e r s  h a d  a  c a p a c i t y  o f  25 t o n s  d a i l y  
and  m a c h in e ry  c o u ld  be a s se m b le d  t o  t r e a t  o r e s  i n  
any  m u l t i p l e s  o f  t h a t  am ount.
The m ix in g  c y l i n d e r s  were 10 f e e t  6 i n c h e s  l o n g  and 
56 i n c h e s  i n  d i a m e t e r ,  and  were f a b r i c a t e d  from  
g a l v a n i s e d  i r o n .  They w ere  m ounted  h o r i z o n t a l l y  and 
d r i v e n  t h r o u g h  worm g e a r i n g  a t  a  r a t e  o f  s i x  r e v o l u t i o n s  
p e r  m in u te .  I n s i d e  t h e  h e l i c a l  r i b  was s i x  i n c h e s  h ig h  
and s e t  a t  a  p i t c h  o f  tw e lv e  i n c h e s .  The drums 
d i s c h a r g e d  i n t o  p o i n t e d  b o x e s ,  from  w hich  t h e  o i l  
o v e r f lo w e d  and was p a s s e d  t o  t h e  c e n t r i f u g a l  s e p a r a t o r s .  
The drum o f  t h e  f i r s t ,  s e p a r a t i n g  m in e r a l  from  t h e  b u lk  
o f  t h e  o i l ,  was 48 i n c h e s  i n  d i a m e t e r ,  w h i le  t h a t  o f  
t h e  s e c o n d  w h ich  d r i e d  t h e  c o n c e n t r a t e  was 56 i n c h e s  
w id e .  W a l te r  McDermott c o n s i d e r e d  t h a t  a  p l a n t  o f  100
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t o n s  d a i l y  c a p a c i t y  r e q u i r e d  no more t h a n  tw e lv e  
h o r s e  pow er f o r  i t s  o p e r a t i o n .
S e v e r a l  m in e s  i n s t a l l e d  t h e  E lm ore e q u ip m e n t .  Two- 
u n i t  o r  5 0 - t o n  p l a n t s  were o r d e r e d  f o r  t h e  Lake View 
m ine a t  K a l g o o r l i e  and Le R o i  No. 2 i n  B r i t i s h  C olum bia , 
w h i l e  a  7 5 - t o n  p l a n t  was b u i l t  f o r  a  N orw egian  c o p p e r  
m in e .  I n  B r i t a i n ,  a  5 0 - to n  p l a n t  was i n s t a l l e d  d u r in g  
1902 t o  t r e a t  o ld  dumps o f  q u a r t z  and s l a t e  f o r  c o p p e r  
a t  t h e  T y w a rn h a i le  m ine i n  C o rn w a l l ,  w h i le  a  1 5 0 - to n  
p l a n t  was o r d e r e d  f o r  t h e  S t .  D a v i d 's  g o ld  m ine n e a r  
D o l g e l l a u .  The Ore C o n c e n t r a t i o n  S y n d ic a te  i t s e l f  
b u i l t  a  1 0 0 - to n  p l a n t  a t  t h e  Syngun c o p p e r  mine n e a r  
B e d d g e l l e r t  w h ich  h a d  b e e n  b o u g h t  some y e a r s  b e f o r e  by 
S t a n l e y  E lm o re .  I n  a d d i t i o n ,  a  s m a l l  t e s t i n g  p l a n t  was 
s u p p l i e d  t o  t h e  l a b o r a t o r i e s  o f  t h e  U n i v e r s i t y  o f  
C a l i f o r n i a .
At T y w a rn h a i le  t h e  f e e d  a s s a y e d  a t  o n ly  0 .6  p e r  c e n t  
o f  c o p p e r .  I t  was c ru s h e d  by  a  t e n - s t a m p  m i l l  and  th e  
o i l  p l a n t  r e c o v e r e d  a b o u t  80 p e r  c e n t  o f  t h e  c o p p e r .  
D e s p i t e  C h a r l e s  R o l k e r ' s  o p in io n  t h a t  s k i l l e d  l a b o u r  
was n e c e s s a r y ,  i t  was fo u n d  t h e r e  a s  a t  G l a s d i r  t h a t  
once  o p e r a t i o n a l  t h e  r e g u l a r  m i l l  h a n d s  c o u ld  c o p e .
The C o r n i s h  p l a n t  was r u n  s a t i s f a c t o r i l y  by  one man and 
two b o y s  em ployed on e i g h t  h o u r  s h i f t s  a t  w ages o f  f o u r  
s h i l l i n g s  and two s h i l l i n g s  a  day r e s p e c t i v e l y .  I t  was 
d i s c o v e r e d  t h a t  t h e  p r o c e s s  c o u ld  t o  e c e r t a i n  e x t e n t  
be  made t o  a c t  s e l e c t i v e l y .  Copper and i r o n  p y r i t e s  
w ere  s p r e a d  f i n e l y  th r o u g h  t h e  o re  and i t  was fo u n d
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t h a t  by r e d u c i n g  t h e  a g i t a t i o n  i n  t h e  m ix in g  drums and 
so  r e d u c i n g  t h e  l e n g t h  o f  c o n t a c t  w i t h  t h e  o i l ,  a  l a r g e  
amount o f  t h e  more e a s i l y  o i l e d  c o p p e r  p y r i t e s  was 
c a p t u r e d  w h i le  much o f  t h e  i r o n  p y r i t e s  c o u ld  be 
a l lo w e d  t o  go t o  w a s t e ,  so im p ro v in g  t h e  q u a l i t y  o f  t h e  
c o n c e n t r a t e •
The W elsh p l a n t s  w ere  l e s s  s u c c e s s f u l .  S t .  D a v i d 's  
G old  and C opper M ines was t h e  name u n d e r  w h ich  t h e  
C logau  g o ld  m in es  were b e in g  o p e r a t e d  a t  t h a t  t i m e ,  t h e  
S t .  D a v i d 's  lo d e  b e in g  one o f  t h e  p r i n c i p a l  q u a r t z  v e i n s  
o f  t h e  a r e a .  I n  1900 t h e  m ine p ro d u c e d  15,649% o u n c es  o f  
g o l d  w o r th  £ 4 2 ,4 2 4 ,  b u t  no r e c o r d e d  c o p p e r .  T h e re  was 
l e s s  t h a n  one p e r  c e n t  o f  c o p p e r  i n  t h e  o re  and  o v e r  
t h e  n e x t  two y e a r s  v a n n e r s  r e c o v e r e d  b e tw e e n  tw e n ty  and 
f o r t y  t o n s  o f  c o n c e n t r a t e  p e r  m o n th . T h is  was o f  v e r y  
p o o r  g r a d e ,  and i t  was i n  t h e  hope o f  im provem en t t h a t  
t h e  o i l  p l a n t  was i n s t a l l e d .  The 1 5 0 - to n  p l a n t  t r e a t e d  
t h e  t a i l i n g s  from  t h e  m i n e 's  5 0 -s ta m p  m i l l  and 
a m a lg a m a tio n  p l a n t  and s u c c e e d e d  i n  p r o d u c in g  a  n i n e  
p e r  c e n t  c o p p e r  c o n c e n t r a t e  from  m a t e r i a l  a s s a y i n g  a t  
o n ly  0 .2  p e r  c e n t  o f  c o p p e r .  C o m m erc ia lly  i t  was n o t  
su c h  a  s u c c e s s  f o r  t h e  v a lu e  o f  t h i s  was i n s u f f i c i e n t  
t o  c o v e r  o p e r a t i n g  c o s t s  a t  a  t im e  when t h e  c o p p e r  
p r i c e  was f a l l i n g  and  t h e  p l a n t  was c lo s e d  down a f t e r  
o n ly  s i x  m o n th s .  S h o r t l y  a f t e r  S t .  D a v i d 's  Gold and 
C opper M ines L t d .  went i n t o  l i q u i d a t i o n .
The Ore C o n c e n t r a t i o n  S y n d i c a t e  b u i l t  a  new d r e s s i n g  
p l a n t  a t  t h e  Syngun mine w h ich  p ro d u c e d  an o re  s i m i l i
- 1 0 4 -
t o  t h a t  a t  G l a s d i r ,  c o n t a i n i n g  a b o u t  one p e r  c e n t  o f  
c o p p e r  p y r i t e s  m ixed w i th  i r o n  p y r i t e s .  The o re  was 
c ru s h e d  i n  a  2 0 -s ta m p  b a t t e r y  and f e d  t o  W i l f l e y  t a b l e s  
w h ich  w ere i n t e n t i o n a l l y  o v e r lo a d e d  t o  g iv e  a  c l e a n  
c o n c e n t r a t e  o f  i r o n  p y r i t e s .  T h is  v/as s o l d  t o  s u l p h u r i c  
a c i d  m akers  who r o a s t e d  t h e  o re  t o  e x t r a c t  t h e  s u l p h u r ,  
t h e n  l e a c h e d  c o p p e r  from  t h e  t a i l i n g s .  T re a tm e n t  o f  t h e  
t a i l i n g s  i n  t h e  E lm ore p l a n t  y i e l d e d  a  c o n c e n t r a t e  o f 
a b o u t  n in e  p e r  c e n t  c o p p e r  p y r i t e s ,  l o r d  Teynham, 
c h a irm a n  o f  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e ,  re m a rk e d  
i n  December 1902 t h a t  a t  t h e  m i l l  ' e v e r y t h i n g  i s  
w o rk in g  so sm o o th ly  and a u t o m a t i c a l l y  t h a t  i t  re m in d e d  
me o f  t h e  m a c h in e s  i n  C h icago  where t h e  p i g  g o e s  i n  a t  
one end and t h e  s a u s a g e  comes o u t  o f  t h e  o t h e r I n  
1903 t h e r e  w ere  tw e n ty  men w o rk in g  u n d e rg ro u n d  and 410 
t o n s  o f  c o n c e n t r a t e  w ere s o l d  f o r  a  t o t a l  o f  £ 9 2 3 .  T h is  
was t h e  s o l e  r e t u r n  o f  t h e  o i l  p r o c e s s  a t  Syngun , f o r  
t h e  m ine c l o s e d  so o n  a f t e r .
The o r i g i n a l  p l a n t  a t  G l a s d i r  h a d  a l r e a d y  c e a s e d  
p r o d u c t i o n  and G l a s d i r  Copper M ines L td .  was i n  s e v e r e  
f i n a n c i a l  d i f f i c u l t i e s .  A gain  t h e  low  g ra d e  o f  o re  and 
p o o r  c o p p e r  p r i c e s  were t o  b la m e .  I n  1900 t h e  m ine had  
p ro d u c e d  400 t o n s  o f  c o n c e n t r a t e  and em ployed  tw e lv e  
m in e r s  and 26 men on t h e  s u r f a c e .  I n  F e b r u a r y  1901 a  
r e c e i v e r  was a p p o in t e d  and ôn 16 O c to b e r  1903 F ra n k  
E lm ore  c h a i r e d  a  m e e t in g  o f  s h a r e h o l d e r s  w h ich  v o t e d  
t o  p l a c e  t h e  company i n  l i q u i d a t i o n .  S t a n l e y  E lm ore  
was one o f  th e  l a r g e s t  c r e d i t o r s  and he e v e n t u a l l y
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came i n t o  p o s s e s s i o n  o f  t h e  m in e .
D evelopm ent o f  t h e  E lm ore  o i l  p r o c e s s  h a d  l o n g  b e e n  
rem oved from  a  c o r n e r  o f  t h e  m i l l  a t  G l a s d i r .  The London 
t e s t i n g  w orks was c o n c e rn e d  n o t  o n ly  w i th  a s s e s s i n g  t h e  
s u i t a b i l i t y  o f  v a r i o u s  o r e s  f o r  t r e a t m e n t ,  f o r  t h e r e  
E ra n k  and  S t a n l e y  E lm o re ,  w i t h  W a l te r  M cD erm ott, t r i e d  
t o  im prove  and a d a p t  t h e i r  p r o c e s s .  A se c o n d  p l a n t  was 
i n s t a l l e d  t o  b r i n g  t h e  c a p a c i t y  o f  t h e  w orks up t o  
f i f t y  t o n s  d a i l y  and a  l a r g e  s t a f f  was em p lo y ed .
B etw een  1901 and 1915 some 4 ,5 0 0  t o  5 ,0 0 0  s a m p le s  o f  
o re  from  m in e s  i n  matiy p a r t s  o f  t h e  w o r ld  w ere t e s t e d  
i n  b a t c h e s  o f  from  f i v e  t o  100 t o n s  e a c h .
P u b l i c i t y  was a l s o  i m p o r t a n t .  I n  1901 W a l te r  
McDermott p ro p o s e d  t h e  E lm ore  b r o t h e r s  f o r  m em bersh ip  
o f  t h e  I n s t i t u t i o n  o f  M in ing  and M e t a l l u r g y ,  w here  t h e y  
t o o k  an a c t i v e  p a r t  i n  d i s c u s s i o n s  on o re  c o n c e n t r a t i o n  
and  e l e c t r i c a l  m a t t e r s .  D u r in g  1901 t h e  Ore C o n c e n t r a t i o n  
S y n d ic a t e  p u b l i s h e d  f i f t y  d i f f e r e n t  p a m p h le t s  i n  se v e n  
l a n g u a g e s  e x t o l i n g  t h e  v i r t u e s  o f t h e  E lm ore  p r o c e s s .  
About 1 2 5 ,0 0 0  c o p ie s  o f  t h e s e  were d i s t r i b u t e d  and many 
a r t i c l e s  c o n t r i b u t e d  t o  t h e  m in in g  p r e s s  d e s c r i b i n g  
t h e  p r o c e s s  o r  p a r t i c u l a r  i n s t a l l a t i o n s .  T h ese  e f f o r t s  
r e s u l t e d  i n  t h e  S y n d ic a t e  s u p p ly in g  a b o u t  t h i r t y  u n i t s  
o f  E lm ore p l a n t  t o  t e n  m in in g  c o m p a n ie s ,  and  t h e s e  had  
a  com bined a n n u a l  c a p a c i t y  o f  a b o u t  5 0 0 ,0 0 0  t o n s .
I t  was h op ed  t o  im pro ve  t h e  m e c h a n ic a l  e f f i c i e n c y  
o f  t h e  p r o c e s s .  S t a n l e y  E lm ore  p r o p o s e d  i n  a  p a t e n t  o f 
1901 t h a t  o re  p u lp  and  o i l  be m ixed  by  p a d d l e s  i n  a
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f i x e d  c y l i n d e r .  He a l s o  s u g g e s te d  a  new a p p a r a t u s  i n
w h ich  o re  p u lp  was o i l e d  i n  a  t a n k  and o v e r f lo w e d  i n t o
a  s t e p p e d ,  i n c l i n e d  l a u n d e r  above w h ich  a  g r e a s e d  b e l t
t r a v e l l e d  a g a i n s t  t h e  d i r e c t i o n  o f  t h e  f l o w .  O i l e d
m in e r a l  p a r t i c l e s  became a t t a t c h e d  t o  t h e  b e l t  and
c o u ld  be s c r a p e d  o f f  t o  be d r i e d  i n  a  c e n t r i f u g e .  The
t a i l i n g  c o u ld  be t r e a t e d  i n  a  s e c o n d  m ach ine  and  d r i e d
t o  r e c o v e r  e x c e s s  o i l .  T h is  m a c h in e ry  p ro v e d  o f  l i m i t e d
v a l u e .  Much more i m p o r t a n t  was S t a n l e y  E lm o re* s  p a t e n t
n o .  6,519  o f  1901 i n  w hich  he c la im e d  t h a t  t h e  a d d i t i o n
o f  a  s m a l l  amount o f  a c i d  t o  t h e  o re  p u lp  r e s u l t e d  i n
an  im p ro v ed  r e c o v e r y  o f  m i n e r a l .  T h is  was t h e  E lm ore
a c i d  p a t e n t ,  and one t h a t  was t o  p ro v e  c o n t e n t i o u s
when com pared i n  c o u r t  w i th  t h e  work o f  C a r r i e  E v e r s o n .
T e s t s  w ere  c a r r i e d  o u t  u s i n g  a  v a r i e t y  o f  o i l s  and
o t h e r  f a t t y  s u b s t a n c e s ,  and t h e  t e m p e r a t u r e  o f  th e
p r o c e s s  was v a r i e d .  Many d e s i g n s  o f  m ix e r  w ere  t r i e d
'g i v i n g  a g i t a t i o n  o r  m ix in g  from  t h e  m ost v i o l e n t
29t u r b u l e n c e  dov/n t o  a  g e n t l e  s t i r r i n g ' ,  and  t h e s e
e x p e r im e n t s  drew a t t e n t i o n  t o  t h e  means by w h ich  t h e
m in e r a l  p a r t i c l e s  were b r o u g h t  t o  t h e  s u r f a c e .  E o r  t h e
f i r s t  t im e  i t  was r e c o g n i s e d  t h a t  m in e r a l  p a r t i c l e s
w ere  r a i s e d  from  t h e  p u lp  n o t  o n ly  by  t h e  a c t i o n  of
t h e  o i l  i n  f l o a t i n g  t o  t h e  s u r f a c e ,  b u t  a l s o  by t h e
b u r s t i n g  o f  a i r  b u b b le s  c r e a t e d  d u r in g  m ix in g .  W ith
c e r t a i n  o i l s  a  f r o t h  o f  o i l y  b u b b le s  and m i n e r a l
p a r t i c l e s  was o b s e rv e d  i n  t h e  s e p a r a t i n g  v e s s e l s .  I t  w as
the
t h e n  u n d e r s t o o d  t h a t ^ s u r p r i s i n g l y  good r e s u l t s
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o b t a i n e d  i n  e a r l y  work a t  G i a s d i r  h ad  i n  p a r t  b e e n  due 
t o  t h e  e x t r a  bou y an cy  p r o v i d e d  by  a i r  b u b b l e s .
The f o r m a t i o n  o f  g a s  b u b b le s  d u r in g  e l e c t r o l y s i s  h ad  
i n  t h e  p a s t  p ro v e d  t r o u b le s o m e ,  b u t  now t h e  E lm o res  saw 
a  way o f  t u r n i n g  i t  t o  a d v a n ta g e .  I n  Ju n e  1904 F ra n k  
p a t e n t e d  t h e  i d e a  o f  t r e a t i n g  a  t h i n  o re  p u lp  i n  an 
e l e c t r o l y t i c  c e l l .  The p u lp  was s t i r r e d  g e n t l y  and t h e  
b u b b l e s  r e s u l t i n g  from  e l e c t r o l y s i s  l i f t e d  m in e r a l  
p a r t i c l e s  t o  t h e  s u r f a c e  a s  a  f r a g i l e  f r o t h .  I n  t h i s  
s im p le  p r o c e s s  m ix in g  o f  b u b b le s  and p u lp  was n o t  
s u f f i c i e n t  t o  g iv e  a  good r e c o v e r y .  To overcom e t h i s ,  
F r a n k  E lm ore  d e s ig n e d  a  much more e l a b o r a t e  a p p a r a t u s  
w h ich  c o n s i s t e d  o f  a  colum n i n  w h ich  were a r r a n g e d  on 
o p p o s i t e  s i d e s  a  s e r i e s  o f  m e ta l  s t r i p s .  They were 
i n s u l a t e d  from  t h e  body  o f  t h e  v e s s e l  by l e a d  p l a t e s  
and fo rm ed  n e g a t i v e  e l e c t r o d e s  on one s i d e  and p o s i t i v e  
on t h e  o t h e r .  He recommended use  o f  t h e  u n i p o l a r  dynamo 
w h ich  he h a d  b e e n  d e v e lo p in g  f o r  some y e a r s  f o r  
e l e c t r o l y t i c  w ork .
Ore p u lp  was f e d  i n  a t  t h e  t o p  o f  t h e  v e s s e l  and 
p a s s e d  downward, f u n n e l l e d  by  t h e  e l e c t r o d e  p l a t e s .  
( F i g u r e  16) When t h e  c u r r e n t  v/as a p p l i e d ,  b u b b le s  would 
be  fo rm ed  and c a sc a d e  upw ards d e f l e c t e d  by  t h e  i n c l i n e d  
p l a t e s  t o  f lo w  a g a i n s t  t h e  s i d e  o f  t h e  v e s s e l .  T hese  
t w i n  m ovem ents w i t h i n  t h e  p u lp  were i n t e n d e d  t o  a g i t a t e  
t h e  p u lp  and  so e x p o se  a l l  m in e r a l  p a r t i c l e s  t o  t h e  g a s  
b u b b l e s .  M in e r a l  became a t t a t c h e d  t o  t h e  b u b b l e s  w hich  
o v e r f lo w e d  a t  t h e  h e a d  o f  t h e  v e s s e l  as  a  f r a g i l e  f r o t h
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w h i le  w a s te  was c a r r i e d  away from  t h e  h a s e .
T h ese  e l e c t r o l y t i c  m ethods w ere  ahando im ed  b e c a u s e  a  
s u p p ly  o f  b u b b le s  was more r e a d i l y  a v a i l a b l e  from  
a n o t h e r  s o u r c e .  I n  A ugust 1904 F ra n k  E lm ore  f i l e d  a  
p a t e n t  f o r  a  means o f  f l o t a t i o n  u s i n g  g a s  b u b b le s  
e x t r a c t e d  from  t h e  p u lp  u n d e r  r e d u c e d  p r e s s u r e . T h e  
e q u ip m en t he d e s ig n e d  t o  e x p l o i t  t h i s  i d e a  was s im p le  
and  e l e g a n t ,  and was d e s c r i b e d  by  T h eo do re  Hoover as 
*an a d m i r a b le  i n v e n t i o n * . A c o n i c a l  c o v e r  was f i t t e d  
o v e r  a  v a t ,  t h e  apex  o f  w hich  was p e r f o r a t e d  and 
c o v e r e d  b y  a  g l a s s  b e l l  c o n n e c te d  t o  a  vacuum pump.
The p u lp  was m ixed  w i th  a  s m a l l  amount o f  o i l  and 
su c k e d  i n t o  t h e  v a t  by  i t s  r e d u c e d  a i r  p r e s s u r e .  T h ere  
i t  was s t i r r e d  by a  r o t a t i n g  r a k e  w hich  moved w a s te  
s a n d s  t o  t h e  p e r i p h e r y  o f  t h e  v e s s e l  where t h e y  were 
re m o v e d .  F r o t h i n g  o i l  and m in e r a l  was c o l l e c t e d  from  
t h e  h e a d  o f  t h e  cone and p ip e d  t o  a  c e n t r i f u g a l  
s e p a r a t o r ,  t h i s  p ip e  h a v in g  a  f a l l  g r e a t e r  t h a n  t h e  
r i s e  o f  t h e  f e e d  p ip e  so t h a t  c o l l e c t i o n  was by  means 
o f  a  s i p h o n .  ( F ig u r e  17)
M a c h in e ry  f o r  t h e  E lm ore  vacuum p r o c e s s  was b u i l t  
and i n s t a l l e d  a t  m in e s  and q u i c k l y  p ro v e d  more 
e f f e c t i v e  t h a n  t h e  o i l  c o n c e n t r a t i o n  p r o c e s s .  ( P l a t e  18) 
D evelopm ent was d e la y e d  by  f i n a n c i a l  d i f f i c u l t i e s  t h a t  
l e d  t o  t h e  r e c o n s t r u c t i o n  o f  t h e  b u s i n e s s .  A new Ore 
C o n c e n t r a t i o n  S y n d ic a te  (1905) L t d .  was fo rm ed  w i t h  an 
a u t h o r i s e d  c a p i t a l  o f  £ 2 5 0 ,0 0 0  i n  £1 s h a r e s .  I t  b o u g h t  
t h e  a s s e t s  o f  t h e  o ld  company w h ich  t h e n  w ent i n t o
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l i q u i d a t i o n .  I t s  d e b t s  were p a i d  w i t h i n  a  few  m onths 
and  i t  was f i n a l l y  d i s s o l v e d  i n  1 9 0 9 .^ ^  The vacuum 
cham ber o f  t h e  com m erc ia l  m ach ine  was f i v e  f e e t  i n  
d i a m e te r  a t  t h e  b a s e  and r e q u i r e d  a b o u t  two h o r s e  power 
f o r  i t s  o p e r a t i o n  when t r e a t i n g  b e tw e e n  30 and  50 t o n s  
o f  o re  d a i l y .  The c o s t  o f  su ch  an i n s t a l l a t i o n  was 
a b o u t  £350 p e r  vacuum u n i t  and u se d  l e s s  t h a n  t e n  
p o u n d s  o f  o i l  f o r  e v e r y  t o n  o f  o re  t r e a t e d .  A p l a n t  o f 
s i x t e e n  m a c h in e s  c o u ld  be o p e r a t e d  by  t h r e e  men p e r  
s h i f t  and t h e  t o t a l  c o s t  o f  m i l l i n g  was l e s s  t h a n  
s e v e n  s h i l l i n g s  p e r  t o n . ^ ^  One p rob lem  was fo u n d  t o  be 
a  l a c k  o f  s u f f i c i e n t  g a s  d i s s o l v e d  i n  t h e  p u l p ,  ev en  
when a g i t a t i o n  i n  m ix in g  was i n c r e a s e d .  To overcome 
t h i s ,  c ru s h e d  l im e s t o n e  and an a c i d  were added  t o  t h e  
p u lp  im m e d ia te ly  b e f o r e  i t  was f e d  i n t o  th e  vacuum 
cham ber .
The E lm ore vacuum p r o c e s s  b e g a n  t o  be i n s t a l l e d  a t  
m in e s  d u r in g  1907 and e v e n t u a l l y  some 1^0 u n i t s  were 
s o l d  h a v in g  an  a g g r e g a t e  c a p a c i t y  o f  a b o u t  2 ,2 5 0 ,0 0 0  
t o n s  o f  o re  p e r  y e a r .  The p l a n t  a t  t h e  T e le m a rk e n  
c o p p e r  mine i n  Norway was u s e d  t o  t r e a t  t a i l i n g s  from 
a  g r a v i t y  m i l l  t h a t  s u f f e r e d  h i g h  l o s s e s  due t o  s l i m e s .  
I t  r e c o v e r e d  80 p e r  c e n t  o f  t h e  c o p p e r  i n  t h e  f e e d .
At t h e  Edm undian c o p p e r  mine i n  S o u th  A f r i c a  an  o re  
b e a r i n g  2 .5  p e r  c e n t  o f  m i n e r a l  was f e d  d i r e c t l y  t o  t h e  
vacuum p l a n t  w hich  r e c o v e r e d  85 p e r  c e n t  o f  t h e  c o p p e r .  
A p l a n t  was i n s t a l l e d  a t  t h e  E o lc o a th  t i n  mine i n  
C o rn w a ll  t o  t r e a t  a  d e p o s i t  o f  c o p p e r  s u l p h i d e  o re
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and a c h ie v e d  a  r e c o v e r y  o f  more t h a n  90 p e r  c e n t ,  w i th  
a  s m a l l  amount o f  t i n  b e in g  l a t e r  r e c o v e r e d  on v a n n e r s .
A l a r g e r  i n s t a l l a t i o n  was s u p p l i e d  t o  t h e  G l a s d i r
m in e .  I n  March 1907 t h e  company o f  E o l g e l l y  Copper
M ines l t d .  was r e g i s t e r e d  by M e ss rs  H ays, S c h ra e t ta u  and
Dunn on b e h a l f  o f  S t a n l e y  E lm ore  who s t i l l  owned t h e
m in e .  The company h a d  an a u t h o r i s e d  c a p i t a l  o f  £ 6 0 ,0 0 0
i n  £1 s h a r e s  and was form ed t o  buy from  S t a n l e y  E lm ore
t h e  ' f i x e d  and l o o s e  p l a n t ,  m a c h in e ry ,  and t o o l s '  a t
G l a s d i r  and  t h e  m ine i t s e l f  f o r  £ 1 1 ,5 0 0 ,  o f  w hich
£ 1 ,5 0 0  was c a sh  and t h e  b a la n c e  i n  s h a r e s .  The company
a l s o  made an  a g re em e n t w i th  F ra n k  E lm ore  and th e  Ore
C o n c e n t r a t i o n  S y n d ic a t e  (1905) L t d . ,  u n d e r  w h ich  i t  was
t o  pay  F ra n k  E lm ore  £ 2 0 ,0 0 0  i n  s h a r e s  f o r  t h e  u se  o f
t h e  vacuum p r o c e s s .  A r o y a l t y  on to n n a g e  t r e a t e d  was
3 7
a l s o  t o  be p a i d .
At th e  mine Hugh Pugh was en g ag ed  a s  fo re m a n  i n  
S ep tem b er  1907, h a v in g  p r e v i o u s l y  b e e n  em ployed a t  t h e  
S t .  D a v i d 's  m in e ,  and work p ro c e e d e d  q u i c k l y  t o  p u t  t h e  
m i l l  i n  o r d e r  and i n s t a l l  t h e  E lm ore  vacuum m a c h in e r y .  
One o f  P u g h ’ s f i r s t  t a s k s  was t o  s u p e r v i s e  t r a n s p o r t  o f  
t h e  tw e n ty - s ta m p  b a t t e r y  from  Syngun t o  G l a s d i r ;  i t  was 
to w ed  by t h e  s team  t r a c t i o n  e n g in e  u se d  t o  d e l i v e r  
s t o r e s  t o  t h e  mine and rem ove c o n c e n t r a t e  f o r  d i s p a t c h  
by  r a i l w a y  from  D o l g e l l a u .  The E lm ore p l a n t  was i n  
t h r e e  s e c t i o n s ,  e a c h  vacuum cham ber b e in g  e q u ip p e d  w i th  
a  vacuum pump, an  o i l  pump and  an  a c i d  pump. When 
p r o d u c t i o n  commenced t h e  m i l l  was c r u s h in g  b e tw e e n
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GO and 80 t o n s  o f  o re  d a i l y  and work c o n t in u e d  b y  
s h i f t s  from  m id n ig h t  on Sunday t o  m id n ig h t  on S a t u r d a y .  
Twenty  men w ere em ployed u n d e rg ro u n d  w i th  a  f u r t h e r  
tw e n ty  on t h e  s u r f a c e ,  and by  t h e  end o f  1907 some 
151 to n s  o f  c o n c e n t r a t e  h a d  b e en  s o l d .
D u rin g  1908 a  s h a f t  was sunk  a  f u r t h e r  200 f e e t  from  
t h e  lo w e s t  p a r t  o f  t h e  m ine and a  l e v e l  d r i v e n  t o  
e x p lo r e  f o r  new o re  d e p o s i t s .  L i t t l e  c o p p e r  was fo u n d  
and  work c o n t i n u e d  by  s t o p i n g  on t h e  u p p e r  l e v e l s .  A 
t o t a l  o f  940 t o n s  o f  c o n c e n t r a t e  was s o l d ,  b u t  t o  m eet 
r i s i n g  c o s t s  a  £ 1 0 ,0 0 0  m o rtg a g e  was r a i s e d ,  f o l l o w e d  by 
a  f u r t h e r  £ 6 ,0 0 0  i n  1909 and some o f  t h e  money came 
from  t h e  L eeds  Copper Works L td .  and s e v e r a l  German 
i n v e s t o r s .  P r o d u c t i o n  was 1 ,3 0 0  t o n s  i n  1910 b u t  t h e  
f i n a n c i a l  p o s i t i o n  d id  n o t  im prove  due t o  a  f a l l i n g  
c o p p e r  p r i c e .  S t a n l e y  E lm ore  and t h e  o t h e r  f o u r  
o r i g i n a l  d i r e c t o r s  r e s i g n e d  i n  S ep tem b er  and  w ere 
r e p l a c e d  by  t h r e e  new a p p o i n t e e s ,  b u t  d e s p i t e  t h e i r  
e f f o r t s  t h e  d e b t s  m ounted  and  t h e  m o r tg a g e  r o s e  t o  
£2 0 ,0 0 0 .
By 1913 s a l e s  o f  c o n c e n t r a t e s  am ou n tin g  t o  1 ,4 7 5  
t o n s  y i e l d e d  £ 1 0 ,6 7 7  2 s .  6 d . ,  b u t  t o t a l  c o s t s  w ere  
more t h a n  £ 1 2 ,0 0 0 .  P r o d u c t i o n  i n  1914 was a b o u t  1 ,5 0 0  
t o n s ,  b u t  t h e  company c o u ld  no l o n g e r  s u s t a i n  i t s  
l o s s e s ,  w h i le  o n ly  s m a l l  r e s e r v e s  o f  low g ra d e  o re  
r e m a in e d .  An e x t r a - o r d i n a r y  g e n e r a l  m e e t in g  h e l d  i n  
London on 23 December 1914 r e s o l v e d  t h a t  D o l g e l l y  
Copper M ines L td .  s h o u ld  be wound up v o l u n t a r i l y .
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A l i q u i d a t o r  was a p p o in t e d  i n  J a n u a r y  1915 and t h e
f i n a l  m e e t in g  h e l d  i n  A ugust 1917 . G l a s d i r  m ine n e v e r
w orked  a g a i n .  The p l a n t  was d i s p e r s e d  by  t h e  l i q u i d a t o r
and  t h e  w o rk in g s  f i l l e d  w i th  w a te r  w i t h i n  t h r e e  y e a r s
and  t h r e e  m onths o f  c l o s u r e .
A l l  t h e  E lm ore  vacuum p l a n t s  p ro v e d  t e c h n i c a l l y
s u c c e s s f u l ,  b u t  c o m m erc ia l  r e s u l t s  w ere  l e s s  e n v i a b l e
due t o  t h e  p o o r  g r a d e s  o f  o re  on w h ich  i t  was a p p l i e d
and  t h e  p o o r  p r i c e  o f  c o p p e r  c o n c e n t r a t e . The l a r g e s t
and  m ost i m p o r t a n t  i n s t a l l a t i o n s  w ere  a t  t h e  g r e a t
m in e s  o f  B ro k en  H i l l  i n  A u s t r a l i a ,  and i t  was t h e r e
t h a t  su c h  r a p i d  adv an ce  h a d  b e e n  made i n  f l o t a t i o n
t e c h n i q u e s  t h a t  t h e  E lm ores* work and t h e  Ore
C o n c e n t r a t i o n  S y n d i c a t e ' s  b u s i n e s s  was t h r e a t e n e d  w i th
e c l i p s e .  T h is  t h r e a t  l e d  t o  e x te n d e d  l i t i g a t i o n .  Y et
i t  was H en ry  L iv i n g s t o n e  Sulm an, one o f  t h e  key  f i g u r e s
who
i n  t h e  d e v e lo p m e n t o f  t h e s e  r i v a l  p r o c e s s e s , ^ s t a t e d  i n  
a  p r e s i d e n t i a l  a d d r e s s  t o  t h e  I n s t i t u t i o n  o f  M in ing  
and  M e t a l lu r g y  i n  1911 t h a t  i t  was:
t o  t h e  M e ss rs  E lm ore t h a t  t h e  u n d o u b te d  h o n o u r  
b e lo n g s  o f  f i r s t  b r i n g i n g  o i l - m i n e r a l  p r o c e s s e s  
i n t o  t h e  r e g i o n  o f  c o m m erc ia l  a p p l i c a b i l i t y  and o f  
s e c u r i n g  t h e  f i r s t  s u c c e s s  t h e r e i n ;  t h e i r  work 
f o c u s s e d  t h e  a t t e n t i o n  o f  m e t a l l u r g i s t s  upon t h e  
g r e a t  p o s s i b i l i t i e s  o f  t h e s e  m ethod s  . . . and  t h i s  
w i l l  n o t  be  f o r g o t t e n  i n  t h e  h i s t o r y  of 
m e t a l l u r g y '
- 113 -
V -  The B roken  H i l l
C a p ta in  C h a r l e s  S t u r t  r e c o r d e d  i n  h i s  184-4 Na r r a t i v e  o f  
an E x p e d i t i o n  i n t o  C e n t r a l  A u s t r a l i a  p a s s i n g  ' a  v e r y  
r e m a r k a b le  and  p e r f e c t l y  i s o l a t e d  h i l l ,  o f  a b o u t  150 
f e e t  i n  h e i g h t .  I t  r a n  l o n g i t u d i n a l l y  from  s o u th  t o  
n o r t h  f o r  a b o u t  350 y a r d s  and  was b a r e  o f  t r e e s  and 
s h r u b s ,  w i th  t h e  e x c e p t i o n  o f  one o r  two c a s u a r i n a s .
The b a s i s  o f  t h i s  h i l l  was a  s l a t y  f e r r u g i n o u s  r o c k ,  
and  p r o t r u d i n g  above t h e  g ro u n d  a lo n g  t h e  s p in e  o f  t h e  
h i l l  was a  l i n e  o f  t h e  f i n e s t  h e p a t i c  i r o n  o re  I  e v e r  
saw; i t  l a i d  i n  b lo c k s  o f  v a r i o u s  s i z e s ,  and  o f  many 
t o n s  w e ig h t  p i l e d  one upon t h e  o t h e r  w i th o u t  a  p a r t i c l e  
o f  e a r t h  on t h e i r  f a c e s  o r  b e tw e e n  th e m * .
S t u r t  c o u ld  h a r d l y  have  g u e s s e d  how r e m a r k a b le  was 
t h e  h i l l  he  h ad  fo u n d  and c l im b e d  a b o u t  800 m i l e s  t o  
t h e  w es t  o f  S yd ney . T h is  was t h e  B roken  H i l l ,  named f o r  
t h e  ro u g h  a p p e a ra n c e  o f  i t s  r i d g e ,  and t h e  o u t c r o p p i n g  
o f  a  m in e r a l  lo d e  more t h a n  500 f e e t  w ide when i n  
A u s t r a l i a  a  f i v e - f o o t  lo d e  was c o n s i d e r e d  l a r g e .  To t h e  
w e s t  l a y  a  n e tw o rk  o f  much s m a l l e r  l o d e s  o f  s i l v e r - l e a d  
o re  on w h ich  grew up t h e  m in in g  camps and f u r n a c e s  o f  
S i l v e r t o n  some 30 y e a r s  a f t e r  S t u r t  f i r s t  e x p lo r e d  t h e  
a r e a .  The B ro k en  H i l l  r e m a in e d  u n d i s t u r b e d  by  t h i s  
a c t i v i t y  f o r  i t  was i s o l a t e d  from  t h e  known l o d e s  by
u n p ro m is in g  g e o lo g y  and a r i d  c o u n t r y .
I n  S ep tem b er  1883 t h e  d i s t r i c t  was e m e rg in g  from  a 
l o n g  d r o u g h t .  The s h e a r i n g  s e a s o n  was u n d e r  way and
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r i d e r s  w ere  c o l l e c t i n g  t h e  f l o c k s .  One of t h e s e  men was 
C h a r le s  R a s p ,  * a  l e a n  German w i th  s m a l l  b a l d i n g  h e a d  
and s q u i r r e l  e y e s ' .  He was 37 y e a r s  o f  age and h a d  
t r a i n e d  a s  a  c h e m is t  ' i n  e d i b l e  o i l s  i n  Hamburg b e f o r e  
w e ak n e ss  i n  t h e  l u n g s  made him s a i l  t o  a  warm c l i m a t e ' .  
R asp  h a d  r e a d  a  g u id e  t o  p r o s p e c t i n g  and he c o l l e c t e d  
some h e a v y  b l a c k  r o c k s  from  t h e  h i l l  and s e n t  them  f o r  
a s s a y  i n  A d e l a i d e .  They p ro v e d  t o  be c a r b o n a t e  o f  l e a d  
w i t h  o n ly  a  s m a l l  p r o p o r t i o n  o f  s i l v e r  w h ich  w ould  n o t  
r e p a y  t h e  c o s t s  o f  m in in g .  Rasp n e v e r t h e l e s s  a p p l i e d  
f o r  a  m in e r a l  l e a s e  c o v e r in g  f o r t y  a c r e s  o f  t h e  h i l l  on 
6 S e p tem b er  1883 . T h is  a r e a  was known l a t e r  a s  B lo ck  12 . 
A s m a l l  s y n d i c a t e  v/as fo rm ed  a t  t h e  sh e e p  s t a t i o n  and
s i x  more l e a s e s  a p p l i e d  f o r ,  t h e  whole c o v e r in g  300
2
a c r e s  a lo n g  two m i l e s  o f  t h e  l o d e .
A team  o f  m in e r s  wô$  b r o u g h t  from  S i l v e r t o n  t o  s i n k  
a  s h a f t ,  b u t  i t  v/as n o t  u n t i l  1885 t h a t  r i c h  s i l v e r  
c h l o r i d e  o r e s  w ere  fo u n d  i n  l a r g e  q u a n t i t i e s .  Some 48 
t o n s  o f  o re  w ere s h ip p e d  f o r  s m e l t i n g  i n  M elbou rn e  and 
3 5 ,6 0 0  o u n c es  o f  s i l v e r  e x t r a c t e d  w hich  was w o r th  
a lm o s t  £ 7 ,5 0 0 .  A new tow n grew  q u i c k l y  a b o u t  t h e  B roken  
H i l l .  C l u s t e r s  o f  t e n t s  w ere r e p l a c e d  by  sh o p s  and 
h o t e l s  t o r n  down and b r o u g h t  from  S i l v e r t o n ,  w h i le  
p e o p le  came from  much f u r t h e r  a f i e l d  i n  s e a r c h  o f  w ork .
A s m e l t e r  opened  a t  B roken  H i l l  i n  May 1886 , and a  
r a i l w a y  r e a c h e d  t h e  tow n from  S i l v e r t o n  i n  J a n u a r y  1888 . 
S m a l le r  com p an ies  b e g an  t o  e x p lo r e  and p ro m o te  m in in g  
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The B ro k en  H i l l  P r o p r i e t a r y  Company h ad  b e e n  fo u n d e d  
o u t  o f  t h e  o r i g i n a l  s y n d i c a t e  i n  A ugust 1885 and by t h e  
end  o f  1887 i t s  £9 s h a r e s  w ere  t r a d i n g  on t h e  M elbourne  
s t o c k  ex chan ge  a t  £174 1 0 s .  D u r in g  J a n u a r y  1888 t h e y  
r o s e  from  £175 t o  £275 i n  n i n e t e e n  d a y s .  By 2 F e b r u a r y  
t h e y  s to o d  a t  £580 and  on 24 F e b r u a r y  t h e y  t o u c h e d  £ 4 0 9 , 
v a l u i n g  t h e  company a t  £ 6 ,5 0 0 ,0 0 0 .  Many w o r t h l e s s  m in es  
w ere  f l o a t e d  d u r in g  t h i s  boom. One was p ro m o te d  s im p ly  
by  p r i n t i n g  and c i r c u l a t i n g  a  l e t t e r  i n  i t s  p r a i s e .  
Z e b in a  L an e ,  l a t e r  mayor o f  B ro ken  H i l l ,  d e c l a r e d  o f  one 
l e a s e  o v e r  f o u r  m i l e s  from  t h e  m ain  lo d e  t h a t  ' t h e  v e r y  
f i r s t  r e q u i r e m e n t  o f  t h e  m ine w i l l  be o re  b a g s  t o  t a k e  
t h e  o re  away t o  m a r k e t ' .  I n  t r u t h  ' t h e  f i r s t  n e e d  of 
t h e  mine was so m e th in g  t o  m i n e ' . ^
At t h i s  t im e  B rok en  H i l l  P r o p r i e t a r y  f l o a t e d  f o u r  o f  
i t s  se v e n  l e a s e d  b l o c k s  a s  s e p a r a t e  c o m p a n ie s .  Of t h e  
l e a s e s  num bered  10 t o  16, b l o c k  14 was f l o a t e d  a s  
B ro k en  H i l l  P r o p r i e t a r y  B lo c k  14 i n  F e b r u a r y  1887#
B lo c k s  15 and  16 w ere f l o a t e d  i n  London a s  t h e  B r i t i s h  
B roken  H i l l  P r o p r i e t a r y  i n  November 1887 w h i le  B roken  
H i l l  P r o p r i e t a r y  B lo c k  10 was la u n c h e d  so o n  a f t e r .
T hese  s a l e s  l e f t  t h e  p a r e n t  company w i t h  huge p r o f i t s  
and t h e  b e s t  s e c t i o n  o f  t h e  l o d e .  When m in in g  c e a s e d  
i n  F e b r u a r y  1959, t h e i r  b l o c k s  11 , 12 and  15 h a d  y i e l d e d  
more t h a n  1 2 ,7 5 0 ,0 0 0  t o n s  o f  o re  w o r th  more t h a n  
£ 5 4 ,0 0 0 ,0 0 0 .  Work c e a s e d  on t h e  o t h e r  p r o p e r t i e s
4.
d u r in g  t h e  1 9 2 0 s .
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I t  p ro v e d  h a r d e r  t o  work t h e  m in es  t h a n  t o  a t t r a c t  
i n v e s t o r s .  The o x i d i s e d  o r e s  w ere  u n s t a b l e  and l i a b l e  
t o  c o l l a p s e  i n  t h e  u n d e rg ro u n d  w o r k in g s .  A s o l u t i o n  
came w i th  t h e  a r r i v a l  o f  W il l ia m  H. P a t t o n ,  an A m erican  
m in in g  e n g in e e r  from  t h e  t h e n  d e c l i n i n g  Com stock lo d e  
i n  N evad a . He was a p p o in t e d  g e n e r a l  m anager o f  t h e  
B ro k en  H i l l  P r o p r i e t a r y  company i n  1886 and  i n t r o d u c e d  
s q u a r e  s e t  t i m b e r i n g ,  a  sy s te m  o f  s u p p o r t i n g  w o rk in g s  
by  a  f ram ew ork  fo rm ed  o f  t im b e r  b a u l k s .  A l th o u g h  n o t  a  
c o m p le te  s u c c e s s ,  p r e s s u r e  so m etim es  ov e rco m in g  t h e  
t i m b e r i n g  and t h e  t im b e r  i t s e l f  b e in g  v u l n e r a b l e  t o  
f i r e ,  t h e  sÿ s tem  d id  a l lo w  a  g r e a t  e x p a n s io n  o f  w o rk in g .
The o re  f i r s t  p ro d u c e d  was a  m ix tu r e  o f  l e a d  
c a r b o n a t e  and  s i l v e r  c h l o r i d e  w h ich  fo rm ed  t h e  u p p e r  
w e a th e re d  p o r t i o n  o f  t h e  l o d e .  The m ain  o re  body was 
so o n  r e a c h e d  and fo u n d  t o  be a  com plex m ix tu r e  o f  l e a d ,  
z in c  and s i l v e r  s u l p h i d e s  i n  a  h a r d  c o u n t r y  r o c k .  The 
m i n e r a l s  o c c u re d  a s  f i n e  p a r t i c l e s  and t h e  r o c k  h a d  t o  
be c ru s h e d  f i n e l y  t o  f r e e  th em . T h is  o re  was o f  low 
g r a d e ,  b u t  i t s  com plex n a t u r e  and l a c k  o f  w a te r  made 
c o n c e n t r a t i o n  f a r  from  s i m p l e .  The f i r s t  m i l l  was t h a t  
opened  a t  t h e  P r o p r i e t a r y  m ine i n  J u l y  1889 , b u t  i n  i t s  
f i r s t  t h r e e  y e a r s  o f  o p e r a t i o n  i t  t r e a t e d  l e s s  t h a n  
1 0 0 ,0 0 0  t o n s  o f  o re  and p r o d u c e d  l e s s  t h a n  3 0 ,0 0 0  t o n s  
o f  c o n c e n t r a t e ,  l a c k  o f  w a te r  f o r c e d  work t o  h a l t  a t  
i n t e r v a l s ,  b u t  by 1895 'a b o u t  £ 1 5 0 ,0 0 0  h a d  b e e n  
expended  on se v e n  c o n c e n t r a t i n g  m i l l s  i n  t h e  d i s t r i c t ,  
a l l  o f  them  h a v in g  p ro v e d  more o r  l e s s  u n s u c c e s s f u l ' .
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C o n t in u a l  r e m o d e l l i n g  im p ro v ed  r e s u l t s ,  b u t  t h e  
b a s i c  p ro b lem  was t h a t  o n ly  t h e  l e a d  c o n te n t  o f  t h e  o re  
c o u ld  be s u c c e s s f u l l y  s e p a r a t e d  by  g r a v i t y  d r e s s i n g  
m e th o d s .  The z in c  b le n d e  p r e s e n t  was o f  a lm o s t  t h e  same 
s p e c i f i c  g r a v i t y  a s  t h e  c o u n t r y  r o c k  and so  m ost o f  i t  
w ent t o  w a s te  on t h e  t a i l i n g  dumps. The f i n e  c r u s h i n g  
r e q u i r e d  a l s o  p ro d c e d  l a r g e  q u a n t i t i e s  o f  s l im e  i n  
w h ich  much l e a d  and s i l v e r  were l o s t  a s  w e l l  a s  t h e  
z i n c .  D u r in g  t h e  1890s t h e  m in es  o n ly  r e m a in e d  
p r o f i t a b l e  b e c a u s e  o f  t h e  s i z e  o f  t h e  d e p o s i t s  and t h e  
f a c t  t h a t  m ost 0 f  t h e  s i l v e r  was a s s o c i a t e d  w i th  th e  
l e a d  r a t h e r  t h a n  t h e  z i n c .  V a n n e r s  and W i l f l e y  t a b l e s  
i n c r e a s e d  t h e  r e c o v e r y  o f  l e a d  and  s i l v e r ,  b u t  d id  
l i t t l e  t o  r e d u c e  t h e  l o s s e s  o f  z i n c .  D u r in g  h a l f  o f  
1905 t h e  B lo ck  10 m i l l  t r e a t e d  o re  w i th  an  a s s a y  
v a l u e  o f  £ 5 8 0 ,0 0 0  b u t  r e c o v e r e d  m i n e r a l s  w o r th  o n ly  
some £ 9 0 ,0 0 0 .
A p o s s i b l e  an sw er was s e e n  i n  t h e  r a n g e  o f  m a g n e t ic
s e p a r a t i o n  p r o c e s s e s  t h a t  w ere  b e in g  d e v e lo p e d .  I n  1898
a t e s t  p l a n t  w i th  45 m a c h in e s  was b u i l t  by  t h e
A u s t r a l i a n  M e ta l  C o . ,  and i n  t h e  f o l l o w in g  y e a r  t h e
S u lp h id e  C o r p o r a t i o n  im p o r te d  a  m ach ine  from  Germany
7
f o r  u se  a t  i t s  C e n t r a l  m in e .  A l a r g e r  p l a n t  was b u i l t  
i n  1901 . T h ese  m a c h in e s  p a s s e d  t a i l i n g s  b e tw e e n  p o w e r f u l  
e l e c t r o - m a g n e t s  w h ich  c o l l e c t e d  t h e  h i g h l y  m a g n e t ic  
g a r n e t  and r h o n d i t e  o f  t h e  c o u n t r y  r o c k  v /hich h a d  
p r e v i o u s l y  b e e n  i n s e p a r a b l e  from  t h e  z i n c .  About 67 p e r  
c e n t  o f  t h e  z in c  was r e c o v e r e d  b u t  t h e  p r o c e s s  was n o t
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w i t h o u t  p r o b le m s .  'T h i s  i s  a  h o r r i d  p r o c e s s ' ,  an n oun ced  
The E co n o m is t  i n  J u l y  1905, and s h a r e h o l d e r s  o f  t h e  
A u s t r a l i a n  M e ta l  Co. were f o r c e d  t o  a g r e e .  The company 
l o s t  money w h i le  em plo yees  s i c k e n e d  i n  t h e  d u s ty  w o rk s .  
Of 65 c a s e s  o f  l e a d  p o i s o n i n g  r e p o r t e d  a t  B rok en  H i l l  
i n  1900, 59 o f  them w ere  a t  t h e  A u s t r a l i a n  M e ta l  C o . ' s  
m a g n e t ic  p l a n t .  N e v e r t h e l e s s ,  f i v e  o t h e r  B ro k en  H i l l  
com p an ies  b u i l t  p l a n t s ,  t h e  l a s t  o f  w h ich  was n o t
o
s c r a p p e d  u n t i l  1911#
The m in es  f a c e d  e x t r a o r d i n a r y  p ro b le m s  and i t  was 
n o t  lo n g  b e f o r e  some e x t r a o r d i n a r y  s o l u t i o n s  w ere 
p r o p o s e d .  C h a r l e s  V in c e n t  P o t t e r  was a  c o n s u l t i n g  
b re w e r  and c h e m is t  i n  M e lb o u rn e ,  w here t h e  f o r t u n e s  of 
t h e  m ines  w ere c l o s e l y  f o l l o w e d .  B rew ing  was n o t  a  
p r o s p e r o u s  i n d u s t r y  i n  t h e  1890s and P o t t e r  h a d  t u r n e d  
h i s  a t t e n t i o n  t o  o t h e r  m a t t e r s .  He h a d  i n v e n t e d  an 
im p ro v ed  b o t t l e  and  s t o p p e r ,  a  f l u i d  t h a t  k i l l e d  germ s 
i n  b u t t e r ,  and ' a n  im proved  n o s e - b a g '  f o r  h o r s e s .  He 
a l s o  e x p e r im e n te d  w i t h  m ethod s  o f  t r e a t i n g  s u l p h i d e  
o r e s  and i n  1899 he  p a t e n t e d  a  p r o c e s s  f o r  s e p a r a t i n g  
z i n c  b le n d e  from  w a s te  by  t h e  u se  o f  h o t  a c i d  s o l u t i o n s .  
The p r o c e s s  was p a t e n t e d  i n  B r i t a i n ,  n o .  1 ,14 6  o f  1902, 
i n  w hich  i t  was recommended t h a t  f i n e l y  c r u s h e d  
s u l p h i d e s  s h o u ld  be m ixed i n  a  d i l u t e  s o l u t i o n  o f  from  
one t o  t e n  p e r  c e n t  o f  s u l p h u r i c  a c i d ,  a  t o n  o f  o re  
b e in g  m ixed  w i th  a  t o n  o f  a c i d .  On b e in g  h e a t e d  t h e  
m e t a l l i c  p o r t i o n  w ould  r i s e  t o  t h e  s u r f a c e  w here  i t
Q
c o u ld  be  c o l l e c t e d . ^
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T h is  p r o c e s s  w orked  b e c a u s e  t h e  B roken  H i l l  o re  
c o n ta in e d  a b o u t  t h r e e  p e r  c e n t  o f  i r o n  and c a lc iu m  
c a r b o n a t e s  w i th  w h ich  t h e  a c i d  r e a c t e d  t o  p ro d u c e  gas#  
The b u b b le s  c o l l e c t e d  m in e r a l  p a r t i c l e s  and c a r r i e d  
them t o  t h e  s u r f a c e  w here  t h e y  f l o a t e d  by v i r t u e  o f  
s u r f a c e  t e n s i o n .  By t h e  e a r l y  1900s P o t t e r  was t r y i n g  
t o  i n t e r e s t  t h e  B ro k en  H i l l  com pan ies  i n  h i s  p r o c e s s ,  
w h ich  h i s  p u b l i c i s t  a s s u r e d  a l l  w ould  p l a c e  him 'w i t h  
t h e  g r e a t  E d is o n ,  B e sse m e r ,  and  o t h e r  w o r ld - re n o w n e d  
i n v e n t o r s ' .  The B lo c k  14 company d e c id e d  t o  t r y  t h i s  
new i d e a  a s  t h e i r  m ine h a d  r e c e n t l y  c lo s e d  b e c a u s e  o f  
p ro b le m s  o f  o re  t r e a t m e n t  and p o o r  m e ta l  p r i c e s .  
E x p e r im e n ta l  work was p r o m is in g  b u t  t h e  p r o c e s s  p r o v e d  
more d i f f i c u l t  t o  a d a p t  t o  m i l l  c o n d i t i o n s  t h a n  h a d  
b e e n  h o p e d ,  an e x p e r i e n c e  t h a t  was a lm o s t  u n i v e r s a l  
i n  t h e  d ev e lo p m e n t o f  f l o t a t i o n .
I n  1903 f o u r  m a c h in e s  d e s ig n e d  by G.A. G oyder and 
E .  L au g h to n  w ere  i n s t a l l e d  a t  t h e  B lo ck  14 m i l l  t o  t r e a t  
m id d l in g  from  t h e  l e a d  c o n c e n t r a t i o n  p l a n t  by  t h e  P o t t e r  
p r o c e s s .  They were c o m p l i c a te d  and  of low c a p a c i t y ,  o re  
b e in g  f e d  from  a  h o p p e r  i n t o  a  s h a l lo w  t a n k  o f  h e a t e d  
a c i d  s o l u t i o n  i n  t h e  b o tto m  o f  w h ich  were v - s h a p e d  
t r o u g h s .  The m a t e r i a l  was a g i t a t e d  by  m oving e n d l e s s  
c h a i n s  and m i n e r a l  p a r t i c l e s  w ere  l i f t e d  from  t h e  p u lp  
by g a s  b u b b l e s  t o  form  a  f l o a t i n g  m ass w h ich  o v e r f lo w e d  
i n t o  t r o u g h s  from  w h ich  i t  was c o l l e c t e d  w h i l e  t h e  r e s t  
r a n  away t o  w a s t e .  B etw een  November 1903 and  M arch 1904 

























































more e f f i c i e n t  D e l p r a t  p a n s ,  t h e  B lo ck  H  p l a n t  t r e a t e d  
1 ,5 4 2  t o n s  o f  o re  and p ro d u c e d  364 t o n s  o f  c o n c e n t r a t e  
w h ich  c o n ta in e d  4 5 .8  p e r  c e n t  o f  z i n c .  The P o t t e r  
p r o c e s s  was t h e r e f o r e  more e f f e c t i v e  and much c l e a n e r  
t h a n  t h e  m a g n e t ic  p l a n t s .  I t s  g r e a t e s t  p ro b lem  was t h a t  
t h e  p l a n t  c o u ld  o n ly  e f f e c t i v e l y  t r e a t  s a n d s ,  g r e a t  
d i f f i c u l t i e s  b e in g  e n c o u n te r e d  w i th  any s l im e  i n  t h e  
f e e d .  P o r  t h i s  and o t h e r  r e a s o n s  t h e  B lo ck  14 company 
r e v e r t e d  w h o l ly  t o  m a g n e t ic  s e p a r a t i o n  w i t h i n  a  few  
y e a r s .
C h a r l e s  P o t t e r  was n o t  a lo n e  i n  r e a l i z i n g  t h a t  t h e
z in c  b le n d e  c o u ld  be made t o  f l o a t .  G u il la u m e  D. B e l p r a t
was a  Dutchman who e n jo y e d  an i n t e r n a t i o n a l  r e p u t a t i o n
i n  t h e  f i e l d s  o f  m in in g  and m e t a l l u r g y .  He h ad  b e e n
a p p o in t e d  a s s i s t a n t  m anager o f  B roken  H i l l  P r o p r i e t a r y
i n  1898 and i n  t h e  f o l lo w in g  y e a r  was p ro m o te d  t o
11g e n e r a l  m a n a g e r .  D e l p r a t  d e v i s e d  a  s i m i l a r  p r o c e s s  
w h i l e  P o t t e r ' s  was a l r e a d y  b e in g  d e v e lo p e d  s e c r e t l y  i n  
l a b o r a t o r i e s  a t  B roken  H i l l .  I n  1902 he 'h a d  w a lk ed  p a s t  
h i s  t a i l i n g  dumps and s e e n  t h a t  p a r t  o f t h e  dump was 
h o t  from  s lo w  c o m b u s t io n  o f  t h e  i r o n  and s u l p h u r .  At 
once he  rem em bered  t h a t  S p a n is h  m in es  r e c o v e r e d  c o p p e r  
from  dumps o f  p o o r  o re  by  s low  c o m b u s t io n ,  and he 
r e a l i s e d  t h a t  i f  he  k e p t  h o s i n g  t h e  dumps w i t h  w a te r  
t h e  s low  f i r e s  m ig h t  p ro d u c e  s u l p h a t e  o f  z in c  i n
p a y a b le  a m o u n t s ' .
W ater v/as to o  e x p e n s iv e  a t  B ro k e n  H i l l  f o r  su c h  
l a v i s h  u s e ,  and i n s t e a d  D e l p r a t  w ondered  i f  by m ix in g
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s a l t  w i th  t h e  t a i l i n g s  t h e  dumps m ig h t  he in d u c e d  t o
o b t a i n  t h e i r  own w a te r  from  t h e  a i r .  C a rm ic h a e l ,  t h e
co m p an y 's  m e t a l l u r g i s t ,  t r i e d  u s i n g  s a l t  and n i t r a t e  o f
s o d a  on s a m p le s  o f  t a i l i n g s  w i th  l i t t l e  s u c c e s s .
D e l p r a t  t h e n  s u g g e s t e d  u s in g  t h e  s a l t  cake  o f  w h ic h
t h e r e  were l a r g e  dumps. C a rm ic h a e l  b o i l e d  a  m ix tu r e  o f
t a i l i n g s  and s a l t  c a k e ,  h o p in g  t o  d i s s o l v e  t h e  l a t t e r ,
b u t  i n s t e a d  a  scum o f  t a i l i n g s  r o s e  t o  t h e  s u r f a c e  w i th
b u b b le s  o f  g a s .  He r e p o r t e d  t h i s  f a i l u r e  t o  D e l p r a t  who
exam ined  t h e  sam ple  and t r i e d  t o  s i n k  t h e  scum . I t
c o n t in u e d  t o  f l o a t  and D e l p r a t  f e l t  t h a t  w i t h i n  t h e i r
g r a s p  m ig h t  be a  s im p le  and cheap  m ethod o f  r e c o v e r i n g
l e a d  and z in c  from  t a i l i n g s .
H is  e x c i te m e n t  was g r e a t ,  f o r  i n  t h a t  y e a r  o f  1902
B ro k en  H i l l  P r o p r i e t a r y ’ s d iv id e n d  h a d  f a l l e n  f o r  t h e
f i r s t  t im e  be low  £ 1 0 0 ,0 0 0 .  A f t e r  some t e s t s  t h e  p r o c e s s
was r e v e a l e d  t o  t h e  co m p an y 's  s e c r e t a r y  i n  M elbo u rn e  on
17 Novem ber. D e l p r a t  u rg e d  he a p p ly  f o r  p a t e n t s ,
com m enting t h a t  'o u r  German f r i e n d s  a re  r a t h e r  fo n d  o f
1 3s t e a l i n g  a  m arch  on anyone ' . A c t io n  was t a k e n  q u i c k l y
f o r  two p a t e n t s  were f i l e d  i n  B r i t a i n  on 28 November i n
a d d i t i o n  t o  A u s t r a l i a n  p a t e n t s , a n d  on 30 J a n u a r y
1903 t h e  d i r e c t o r s  announ ced  t h a t  'e x p e r i m e n t s  w ere
l i k e l y  t o  be s u c c e s s f u l  and t h a t  p r o b a b ly  a  m i l l i o n
t o n s  o f  t a i l i n g s  a t  t h e  m ine c o u ld  be t r e a t e d  i n
15a d d i t i o n  t o  l a r g e  q u a n t i t i e s  b e in g  p r o d u c e d ' .
M a ch in e ry  t o  o p e r a t e  t h e  p r o c e s s  was q u i c k l y  d e v i s e d  
by  t h e  mine s t a f f ,  and a  p l a n t  came i n t o  u se  a t  t h e
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P r o p r i e t a r y  m ine i n  1903 . The t a i l i n g s  were f e d  i n t o  an 
i n v e r t e d  p y r a m id a l  box made o f  wood and l i n e d  w i th  l e a d  
i n  w hich  was a  h o t  s o l u t i o n  o f  s a l t  cake  o r  sodium  
s u l p h a t e  and s u l p h u r i c  a c i d  m a in t a in e d  a t  a  t e m p e r a t u r e  
o f  8 2 ° 0 .  The box was known a s  t h e  D e l p r a t  p an  and  s to o d  
a b o u t  s i x  f e e t  h i g h  and f o u r  f e e t  w ide a t  t h e  b r im .  The 
h o t  s o l u t i o n  was s u p p l i e d  t o  t h e  b a s e  o f  t h e  pan  and  
i t s  s u p p ly  r e g u l a t e d  so t h a t  t h e  f l o a t i n g  s u l p h i d e s  
o v e r f lo w e d  f o r  c o l l e c t i o n  w h i le  t h e  w a s te  was drawn o f f  
a t  t h e  b a s e .  The pan  was no s im p le  and e f f i c i e n t  t h a t  
i t  q u i c k l y  r e p l a c e d  t h e  Goyder and L au g h to n  m a c h in e s  
a t  t h e  B lo c k  14 P o t t e r  p l a n t .
C h a r le s  P o t t e r  h i m s e l f  was n o t  so p l e a s e d  a t  
D e l p r a t ' 8 s u c c e s s .  He c la im e d  t h a t  th e  p r o c e s s  i n f r i n g e d  
h i s  p a t e n t s  and commenced l i t i g a t i o n  i n  1904 so t o  
p r o v e .  I n  v ie w  o f  t h e  c lo s e  s i m i l a r i t y  o f  t h e  two 
p r o c e s s e s  and  P o t t e r ' s  p r i o r i t y  o f p a t e n t  d a t e ,  t h e  
o n ly  d e fe n c e  D e l p r a t  and  t h e  P r o p r i e t a r y  company c o u ld  
o f f e r  was t o  c la im  t h a t  P o t t e r ' s  p a t e n t  was i n v a l i d .  
A f t e r  p a s s i n g  th r o u g h  s e v e r a l  c o u r t s ,  t h e  c a s e  was 
h e a r d  b e f o r e  Mr J u s t i c e  a  B e c k e t t  i n  t h e  Supreme C o u r t  
o f  V i c t o r i a  and much t e c h n i c a l  e v id e n c e  was p r e s e n t e d .  
The ju d g e  f i n a l l y  fo u n d  i n  f a v o u r  o f  D e l p r a t ,  
d e c l a r i n g  P o t t e r ' s  p a t e n t  i n v a l i d  'o n  a c c o u n t  o f  
w an t o f  u t i l i t y ' .
T h is  was a  d e c i s i o n  b a s e d  on l e g a l  r a t h e r  t h a n  
t e c h n i c a l  c o n s i d e r a t i o n s ,  f o r  t h e  ju d g e  a l s o  h e l d  t h a t  
h a d  t h e  p a t e n t  b e e n  v a l i d ,  t h e n  D e l p r a t ' s  p r o c e s s  w ould
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h a v e  i n f r i n g e d  i t .  T h e re  was no s u g g e s t i o n  t h a t  P o t t e r ' s
i d e a  was n o t  n o v e l  o r  h i s  p r o c e s s  n o t  u s e f u l  w i t h i n  t h e
l i m i t a t i o n s  t h a t  o p e r a t i n g  e x p e r i e n c e  h a d  p l a c e d  upon
i t .  H is  f a u l t  l a y  i n  m aking t o o  b r o a d  a  c l a im ,  a s  t h e
P r o p r i e t a r y  co m p an y 's  l a w y e r s  h ad  e a g e r l y  o b s e r v e d .
P o t t e r  a t  once lo d g e d  an a p p e a l  w i th  t h e  H igh  C o u r t  o f
A u s t r a l i a ,  b u t  b e f o r e  t h e  c a s e  c o u ld  be h e a r d  a
com prom ise was a g r e e d .  P o t t e r  g r a n t e d  t h e  P r o p r i e t a r y
company t h e  r i g h t  t o  u se  h i s  p r o c e s s  i n  A u s t r a l i a  w h i le
t h e  company a s s i g n e d  t o  him a l l  t h e  A u s t r a l i a n  r i g h t s
t o  t h e  D e l p r a t  p r o c e s s  and p a i d  him £ 1 0 ,0 0 0  i n  c a s h .
E ach  p a r t y  p a i d  t h e i r  own c o s t s ,  w hich  f o r  P o t t e r  came
t o  more t h a n  £ 1 0 0 ,0 0 0 ,  and t h e  P r o p r i e t a r y  company was
c l e a r l y  n o t  c o n f i d e n t  o f  u p h o ld in g  i t s  f a v o u r a b l e
17ju d g em en t on a p p e a l .  The u n i t e d  P o t t e r - D e l p r a t  
p r o c e s s  was d e v e lo p e d  f u r t h e r  a t  B rok en  H i l l ,  w i th  
c a s t  i r o n  f l o t a t i o n  b o x e s  r e p l a c i n g  t h e  wooden o n e s ,  
and  by 1913 o u tp u t  o f  z in c  c o n c e n t r a t e  e x c e e d e d  h a l f  
a  m i l l i o n  t o n s .  To make u se  o f  t h i s  t h e  P r o p r i e t a r y
18company b u i l t  i t s  own s m e l t i n g  f u r n a c e s  a t  P o r t  P i r i e .
W hile  t h e  B roken  H i l l  P r o p r i e t a r y  company h ad  
s u c c e e d e d  i n  b u i l d i n g  w hat was by  1906 by  f a r  t h e  
l a r g e s t  f l o t a t i o n  p l a n t  i n  t h e  w o r ld  and s e t t i n g  a  
f a s h i o n  f o r  e x te n d e d  and e x p e n s iv e  l i t i g a t i o n ,  o t h e r s  
w ere  a l s o  w o rk in g  t o  h a r n e s s  t h e  phenomenon o f  s u r f a c e  
t e n s i o n .  A u g u s te  de B avay was a  B e lg i a n  c h e m is t  who h a d  
w orked on a  p l a n t a t i o n  i n  C ey lon  b e f o r e  t r a v e l l i n g  t o  
A u s t r a l i a  w here  he was a p p o in t e d  h e a d  b re w e r  w i th
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F o s t e r ’ s .  *He c o r r e s p o n d e d  w i th  P a s t e u r  i n  P r a n c e  and 
d i s t i n g u i s h e d  German c h e m is t s ,  and i n  h i s  l a b o r a t o r y  
w i t h  t h e  arom a o f  c i g a r  smoke a b o u t  him he s t u d i e d  t h e  
i n f l u e n z a  germ and t h e  m aking  of p a p e r  p u lp  from  
A u s t r a l i a n  t i m b e r .  He was an  e x p e r t  on b a c t e r i o l o g y  
and  d i s c o v e r e d  t h a t  f i r e  h y d r a n t s  i n  M elbourne  
conveyed  sewage i n t o  t h e  w a te r  m a in s  and e n d a n g e re d  
t h e  h e a l t h  o f  t h e  c i t y ' . ^ ^
De Bavay a p p e a re d  a s  a  w i t n e s s  f o r  D e l p r a t  i n  h i s  
l i t i g a t i o n  w i th  P o t t e r ,  b u t  t h e  p r o c e s s  he d e v e lo p e d  
e x h i b i t e d  none o f  t h e  f r o t h i n g  o f  e i t h e r  o f  t h e i r  
p r o c e s s e s  o r  o f  t h e  E lm ore  m e th o d s .  De B avay*s e a r l y  
p a t e n t s  o f  J u l y  1904 r e f l e c t  a  means o f  s e p a r a t i o n  
b a s e d  p u r e l y  on n a t u r a l  s u r f a c e  t e n s i o n  e f f e c t s  and 
b e a r  a  s i m i l a r i t y  t o  t h e  i d e a s  o f  H e z e k ia h  B r a d f o r d .
The c ru s h e d  o re  was s im p ly  t o  be i n t r o d u c e d  c a r e f u l l y  
on t o  t h e  s u r f a c e  o f  w a te r  so t h a t  t h e  m i n e r a l  m ig h t 
be  a l lo w e d  t o  f l o a t  w h i le  t h e  w a s te  s a n k .  O i l s  and 
a c i d s  w ere u se d  t o  a c c e l e r a t e  t h e  p r o c e s s  r a t h e r  t h a n  
e f f e c t  s e p a r a t i o n ,  and i n  o p e r a t i o n  t h e r e  was l i t t l e  t o  
se e  b u t  a  f i l m  o f  s u l p h i d e s  f l o a t i n g  on t h e  w a t e r .
The p r o c e s s  was g iv e n  i t s  f i r s t  t r i a l s  a t  t h e  N o r th  
B roken  H i l l  m in e ,  a  p l a n t  b e in g  b u i l t  i n  1905 and 
u n d e rg o in g  c o n t i n u a l  a l t e r a t i o n  u n t i l  by 1908 i t  was 
c o n s i d e r e d  c o m m e rc ia l ly  a s  w e l l  a s  t e c h n i c a l l y  
s a t i s f a c t o r y .  As d e v e lo p e d ,  t h e  p r o c e s s  u s e d  t a i l i n g s  
from t h e  dumps from  w hich  s l im e  was rem oved t o  l e a v e  a  
c l e a n  sa n d y  m a t e r i a l .  T h i s  was m ixed w i th  an  a c i d
F e e d  L a u n d e r
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s o l u t i o n  and  t h e  m e t a l l i c  scum t h a t  r e s u l t e d  was 
c o l l e c t e d  f o r  t r e a t m e n t  on v a n n e r s .  A m ix tu r e  o f  one 
p a r t  c a s t o r  o i l  and f o u r  p a r t s  low g ra d e  k e r o s e n e  was 
a d d ed  t o  t h e  r e s i d u e  a t  t h e  r a t e  o f  a b o u t  t h r e e  pounds 
p e r  t o n  o f  o re  and t h e  whole t h o r o u g h l y  s t i r r e d .  The 
p u lp  was t h e n  f e d  on t o  t h e  s e p a r a t o r s ,  o r  de Bavay 
f l o t a t i o n  c o n e s ,  w h ich  c o n s i s t e d  o f  c o r r u g a t e d  c o n es  
m ounted  o v e r  a  v a t  o f  w a t e r .  The m a t e r i a l ,  w h ich  had  
b e e n  a e r a t e d  a t  e a c h  s t a g e  o f  m ix in g ,  was e x p o se d  t o  
t h e  a i r  a s  a  t h i n  f i l m  on t h e  cone and t h e n  i n t r o d u c e d  
g e n t l y  on t o  t h e  s u r f a c e  o f  t h e  w a t e r .  S u lp h i d e s  
f l o a t e d  and  o v e r f lo w e d  w h i le  s t o n e y  w a s te  v/as w e t te d  
and  s a n k .  D u r in g  1908 t h e  p l a n t  t r e a t e d  7 4 ,2 0 0  t o n s  o f  
t a i l i n g s  and  p ro d u c e d  2 2 ,4 9 0  t o n s  o f  c o n c e n t r a t e  w hich  
c o n ta in e d  47*5 p e r  c e n t  z i n c .  T h is  was t h e  b e s t  g ra d e  
o f  c o n c e n t r a t e  p ro d u c e d  a t  B rok en  H i l l  a t  t h a t  t i m e ,  
and  t h e  d^ Bavay p l a n t  h e l d  i t s  r e p u t a t i o n  i n  t h i s  
r e s p e c t  f o r  many y e a r s .
D evelopm ent h a d  c o s t  a b o u t  £ 6 5 ,0 0 0  and de Bavay v;as 
f o r t u n a t e  t h a t  h i s  b a c k e r s  n e v e r  l o s t  t h e i r  c o n f i d e n c e .  
The de Bavay T re a tm e n t  Company h a d  b e e n  fo rm ed  s h o r t l y  
a f t e r  t h e  i n v e n t o r  f i l e d  h i s  f i r s t  p a t e n t s .  He was 
s u p p o r t e d  i n  t h e  v e n t u r e  by tv/o M elbourne  men, M nntague 
Cohen, a  d i r e c t o r  o f  F o s t e r ' s  B rew ery  who w ould  have  
b e e n  f a m i l i a r  w i t h  de B a v a y 's  work t h e r e ,  and  
W.L. B a l l i e u ,  a n  a u c t i o n e e r  and f i n a n c i e r .  B o th  men 
i n v e s t e d  l a r g e  sums i n  t h e  r e s e a r c h  and  i n  b u y in g  some 
o f  t h e  v a s t  dumps o f  t a i l i n g s  t h a t  l i t t e r e d  B ro k e n  H i l l
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I n  1909 a  p u b l i c  company was f l o a t e d ,  Am algam ated Z inc  
(De B a v a y 's )  L im i te d ,  w i th  a  c a p i t a l  o f  n e a r l y  a  
q u a r t e r  o f  a  m i l l i o n  p o u n d s .  A l a r g e  new p l a n t  was 
b u i l t  a t  t h e  N o r th  mine and d e s ig n e d  t o  have  a  d a i l y  
c a p a c i t y  o f  1 ,8 0 0  t o n s  o f  t a i l i n g s .  The t a i l i n g s  
o b t a i n e d  a s  f e e d  w ere r i c h  i n  z in c  and low i n  s l i m e s  
and  r e s u l t s  soon  j u s t i f i e d  f a i t h  i n  t h e  p r o c e s s  and t h e  
c o n s i d e r a b l e  in v e s tm e n t  i n  m a c h in e r y .  I n  1914 Amalgam­
a t e d  Z in c  (De B a v a y 's )  u n i t e d  t h e i r  p a t e n t  i n t e r e s t s  
w i t h  t h o s e  o f  M in e r a l s  S e p a r a t i o n  L im i te d ,  w h ich  i n  i t s  
t e n  y e a r s  o f  e x i s t e n s e  h a d  a l r e a d y  become a  l e a d i n g  and 
h i g h l y  c o n t r o v e r s i a l  name i n  t h e  f i e l d  o f  f l o t a t i o n .
The De B avay company f i n a l l y  c e a s e d  o p e r a t i o n s  i n  A p r i l  
1924 , a l t h o u g h  t h e  de Bavay p r o c e s s  h a d  b e e n  abandonned  
i n  1917 i n  f a v o u r  o f  a  M in e r a l s  S e p a r a t i o n  p l a n t .
M in e r a l s  S e p a r a t i o n  h a d  i t s  o r i g i n s  i n  a  p r i v a t e  
s y n d i c a t e  o r g a n i s e d  by  Jo h n  B a l l o t  and W.W. W eb ste r  
to w a rd  t h e  end o f  1901 f o r  t h e  p u rp o s e  o f  o b t a i n i n g  an 
A u s t r a l i a n  o p t i o n  on t h e  E lm ore p a t e n t s .  The o p t i o n  was 
f o r  s i x  m o n th s ,  w i th  t h e  r i g h t  t o  e x te n d  f o r  a  f u r t h e r  
s i x  m o n th s ,  and B a l l o t  and W eb s te r  w ere  t o  se n d  p a r c e l s  
o f  o re  f o r  t r e a t m e n t  a t  t h e  London t e s t i n g  w orkë  o f  t h e  
Ore C o n c e n t r a t i o n  S y n d i c a t e .
B a l l o t ' s  c o n s u l t a n t  m e t a l l u r g i s t s  i n  London were 
H .L . Sulman and  H .F .K .  P i c a r d ,  who ' a t t e n d e d  a t  t h e  
w orks on a lm o s t  e v e r y  w o rk in g  day d u r in g  t h a t  p e r i o d '  
o f  t h e  o p t i o n ,  a s  S t a n l e y  E lm ore r e c o r d e d  l a t e r  w i th  
some b i t t e r n e s s .  T h ere  ' t h e y  w ere  t r e a t e d  w i t h  t h e
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g r e a t e s t  f r a n k n e s s ,  t h e y  became f u l l y  a c q u a i n t e d  w i th  
e v e ry  d e t a i l  o f  t h e  p r o c e s s ,  p l a n t  and  w orking*
I n  r e t u r n ,  t h e  a g re em e n t  r e q u i r e d  t h a t  B a l l o t ' s  
s y n d i c a t e  s h o u ld  p a s s  any  im prov em en t i n  t h e  o i l  
p r o c e s s  t h a t  t h e y  o r  t h e i r  c o n s u l t a n t s  made t o  t h e  
E lm ore s y n d i c a t e ,  who w ould  be e n t i t l e d  t o  make u se  of 
i t  w h e th e r  p a t e n t e d  o r  n o t .  T h is  was t o  be a  p o i n t  o f  
c o n t e n t i o n  l a t e r ,  b u t  p ro v e d  l a r g e l y  i r r e l e v a n t  t h e n  
a s  Sulman and  P i c a r d  d id  n o t  r e p o r t  f a v o u r a b l y  on t h e  
t r i a l s  and B a l l o t ' s  s y n d i c a t e  d id  n o t  ren ew  t h e i r  
o p t io n  f o r  t h e  se c o n d  s i x  m onth t e r r a .
I n  1902, d u r in g  o r  s h o r t l y  a f t e r  t h e  o p t i o n ' s  
e x p i r y ,  Jo h n  B a l l o t  h e a r d  o f  work b e in g  c a r r i e d  o u t  i n  
E n g la n d  by A r th u r  Edward C a t t e r m o l e .  H is  p r o c e s s ,  f i r s t  
p a t e n t e d  i n  November 1902, i n v o lv e d  u s in g  o i l  t o  c a u se  
t h e  m in e r a l  p a r t i c l e s  i n  an o re  p u lp  t o  j o i n  t o g e t h e r  
and s i n k  t o  t h e  b o tto m  o f  a  t a n k .  T h ese  g ra n u le s ,  o f 
s u l p h i d e s  w ould  t h e n  be r e c o v e r e d  on v a n n e r s o r t a b l e s  
and t h e  i d e a  was known a s  t h e  g r a n u l a t i o n  p r o c e s s .  
A c c o rd in g  t o  C a t t e r m o l e ' s  f i r s t  B r i t i s h  p a t e n t ,  
n o .  2 6 ,2 9 5  o f  1902, b e tw e e n  f o u r  and s i x  p e r  c e n t  o f 
o i l  and t e n  p e r  c e n t  o f  soap  w ere  t o  be ad d ed  t o  a  
f r e e l y  f l o w in g  p u lp  w hereby  g r a n u l e s  o f  r o u g h ly  e q u a l  
s i z e  s h o u ld  be p ro d u c e d .  I f  t h e r e  was a  h i g h  s l im e  
c o n t e n t ,  t h e n  c o a r s e r  s u l p h i d e  m a t e r i a l  o r  c ru s h e d  
coke c o u ld  be added  t o  a c t  a s  n u c l e i i  f o r  t h e  f o r m a t i o n  
o f  o i l e d  g r a n u l e s .  T hese  w ould  be c o l l e c t e d  i n  a  
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l i g h t e r  w a s t e  away i n  an  o v e r f l o w  w h i l e  t h e  m i n e r a l  
g r a n u l e s  s e t t l e d  i n  t h e  t a n k .
A f t e r  s e p a r a t i o n  t h e  o i l  was r e c o v e r e d  by  u s e  o f  an 
a l k a l i n e  s o l v e n t ,  and t h e  p r o c e s s  o f  r e c o v e r y  was t h e  
s u b j e c t  o f  a  s e c o n d  p a t e n t  f i l e d  w i t h  t h e  f i r s t ,  
n o .  2 6 ,296  of  1902 .  The m ixed  s u l p h i d e s  r e c o v e r e d  by 
g r a n u l a t i o n  were t o  be s e p a r a t e d  by ' s u c c e s s i v e l y  
a g i t a t i n g  t h e  m i n e r a l s  w i t h  a l k a l i n e  e m u l s i f y i n g  
a g e n t s ,  s u c h  a s  a  m i x t u r e  o f  a l k a l i n e  o l e a t e  and 
c a u s t i c  p o t a s h  or  s o d a ,  o f  s u c c e s s i v e l y  i n c r e a s i n g  
s t r e n g t h s ,  and rem o v in g  e ac h  m i n e r a l  s e p a r a t e d  i n  
t u r n  by an upward c u r r e n t ' .  The p r i n c i p a l  s e p a r a t i o n  
e n v i s a g e d  was o f  g a l e n a  and z i n c  b l e n d a  p a r t i c l e s ,  and 
a f t e r  m ix in g  w i t h  t h e  a l k a l i  s o l u t i o n  t h e  m a t e r i a l  
w ould  be f e d  t o  a  c l a s s i f i e r  s u p p l i e d  w i t h  an  u p c a s t  
s u f f i c i e n t  t o  c a r r y  away t h e  l i g h t e r  b l e n d e  p a r t i c l e s  
i n  t h e  o v e r f l o w .  A se c o n d  c l a s s i f i e r  t r e a t e d  t h e  
r e s i d u e  and s e p a r a t e d  t h e  h e a v i e r  b l e n d e  p a r t i c l e s  
t o  l e a v e  t h e  g a l e n a  w hich  was n o t  o n ly  h e a v i e r ,  b u t  
a l s o  h a d  g r e a t e r  a d h e s i o n  t o  t h e  o i l  so t h a t  g r a n u l e s  
were  n o t  a s  e a s i l y  b r o k e n  u p .  O i l  was r e c o v e r e d  from 
c o n c e n t r a t e s  and s o l u t i o n s  by  f i l t e r s  and s e t t l i n g  
t a n k s ,  and by  u se  o f  c e n t r i f u g a l  d r i e r s .
At B ro k e n  H i l l  t h e  C a t t e r m o l e  p r o c e s s  was a d o p te d  by 
t h e  B r i t i s h - o w n e d  S u l p h i d e  C o r p o r a t i o n  w h ich  worked  t h e  
C e n t r a l  mine and p o s s e s s e d  t h e  l a r g e s t  dumps o f  
t a i l i n g s  i n  t h e  a r e a . ^ ^  M a g n e t i c  t r e a t m e n t  h a d  b e e n  
t r i e d  b u t  r e t u r n s  were  s m a l l  i n  r e l a t i o n  t o  t h e  v a l u e
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o f  t h e  f e e d .  E x p e r i m e n t s  r e l a t i n g  t o  f l o t a t i o n  h a d  b e en  
c a r r i e d  on a t  t h e  C e n t r a l  mine s i n c e  e a r l y  i n  1901 as  
' i t  h a d  l o n g  b e e n  o b s e r v e d  t h a t  a  f r o t h  was fo rm ed  
c o n t a i n i n g  h i g h  m e t a l l i c  v a l u e s ,  i n  s i l v e r  and l e a d  
p a r t i c u l a r l y ,  whenever  c o n d i t i o n s  were  f a v o u r a b l e ,  as  
f o r  i n s t a n c e  where  t h e  r o t a t i o n  o f  t h e  t r o m m e l s ,  o r  t h e  
s p l a s h  o f  t h e  e l e v a t o r s  o r  r a f f - w h e e l s ,  o r  t h e  m o t io n  of  
t h e  j i g - p l u n g e r s ,  p r o d u c e d  a  v i o l e n t  a g i t a t i o n  o f  t h e  
m i l l - w a t e r  c o n t a i n i n g  s l i m e
T e s t s  w ere  aimed a t  r e p r o d u c i n g  and i m p r o v in g  upon 
t h e  n a t u r a l  phenomena,  and o ve r  s e v e r a l  m onths  s l i m e s  
o f  v a r y i n g  f i n e n e s s  were  f e d  t o  a  m achine  t h a t  
c o n s i s t e d  o f  a  s e r i e s  o f  f u n n e l - s h a p e d  v e s s e l s  w i t h  
t h e i r  n a r r o w  e n d s  downwards and e a c h  f i t t e d  w i t h  an 
o v e r f l o w  l i p .  The l o w e r  end h a d  a  t a p  t h a t  d i s c h a r g e d  
t o  t h e  n e x t  v e s s e l  i n  s e r i e s  a t  su c h  a  r a t e  a s  t o  
b a l a n c e  t h e  f e e d  and a l l o w  o f  a  s m a l l  o v e r f l o w  a t  t h e  
l i p .  B o th  w a t e r  and c o m p re s se d  a i r  were  f e d  i n  a t  t h e  
b a s e  o f  e a c h  v e s s e l ,  t h e  w a t e r  f o r m in g  an upward  
c u r r e n t  among t h e  c o n t e n t s  w h i l e  t h e  c o m p re s se d  a i r  
p r o v i d e d  a g i t a t i o n  i n  t h e  hope o f  p r o d u c i n g  f r o t h .
V/hen s u c c e s s f u l  t h e  f r o t h  a s s a y e d  a s  c o n t a i n i n g  a b o u t  
30 p e r  c e n t  l e a d  and  22 p e r  c e n t  z i n c  w i t h  26 o u nces  
o f  s i l v e r  t o  t h e  t o n ,  b u t  t h e s e  t e s t s  o f f e r e d  no 
im m ed ia te  p r o s p e c t  o f  c o m m erc ia l  a p p l i c a b i l i t y .
When news a r r i v e d  t h a t  ' a  d i s c o v e r y  o f  c o n s i d e r a b l e  
i m p o r t a n c e  h a d  b e e n  made ' i n  E n g la n d ,  ' t h a t  l a b o r a t o r y  
t r i a l s  gave  e v e r y  i n d i c a t i o n  of  s u c c e s s  on a  l a r g e
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s c a l e ,  and t h a t  t h e  p r o c e s s  v/as so c o m p re h e n s iv e  a s  t o
i n c l u d e  t h e  f i n e s t  s l i m e s  and v a r y i n g  c o a r s e r  s i z e s  o f
p a r t i c l e s  up t o  imm d i a m e t e r t h e s e  and o t h e r
e x p e r i m e n t s  were  ab an d o n n e d i n  f a v o u r  o f  C a t t e r m o l e ' s
g r a n u l a t i o n  p r o c e s s .  A t e s t  p l a n t  was s h i p p e d  f rom
E n g la n d  and p u t  i n t o  o p e r a t i o n  a t  t h e  C e n t r a l  mine
e a r l y  i n  1904 .  C a t t e r m o l e ' s  p a t e n t s  h a d  b e e n  a c q u i r e d
i n  1903 by  a  company fo rm ed  f o r  t h a t  p u r p o s e  by  Jo h n
B a l l o t ,  J . H .  C u r i e ,  W.W. W e b s te r ,  S .  G r e g o r y ,  and  t h e
m e t a l l u r g i s t s  Sulman and  P i c a r d .  T h i s  was M i n e r a l s
S e p a r a t i o n  L t d . ,  and by  August  1903 Sulman and  P i c a r d
h a d  p a t e n t e d  w i t h  C a t t e r m o l e  a  m o d i f i e d  form o f  t h e
p r o c e s s  w h ich  r e c o g n i s e d  t h e  ' f l o t a t i v e  a c t i o n  o f  ga s
b u b b l e s  fo rm ed  i n  t h e  s o l u t i o n  by  t h e  a d d i t i o n  o f
c a r b o n a t e s ,  e t c . ,  i f  t h e y  a r e  n o t  a l r e a d y  p r e s e n t  i n  
2 At h e  o r e ' .  ^ I t  was t h o u g h t  t h a t  t h e  g r a n u l e s  o f  
s u l p h i d e s  c o u ld  be c o l l e c t e d  by g a s  b u b b l e s  o r  g r e a s e d  
sa w d u s t  and  c a u s e d  t o  o v e r f l o w  i n  t h e  c l a s s i f i e r .
I n  November 1903 t h e  M i n e r a l s  S e p a r a t i o n  g ro u p  
b o u g h t  f o r  £225 t h e  B r i t i s h  and I t a l i a n  r i g h t s  t o  a  
p r o c e s s  i n v e n t e d  i n  I t a l y  by a  m e t a l l u r g i s t  named 
A l c i d e  Erom ent  and o n l y  p a t e n t e d  i n  t h o s e  two c o u n t r i e s .  
E r o m e n t ' s  B r i t i s h  p a t e n t  h a d  b e e n  f i l e d  i n  1902 and
25d e s c r i b e d  a  p r o c e s s  t h a t  made u s e  of  b o t h  o i l  and  g a s .
He ' r e c o g n i z e d  c l e a r l y  t h e  i m p o r t a n t  p r i n c i p l e ,  w h ich  
i s  e m p h a s i s e d  i n  l a t e r  d e v e l o p m e n t s ,  t h a t  when o r e ,  
w a t e r ,  o i l ,  a c i d  and a  g a s  a r e  mixed and a g i t a t e d  
t o g e t h e r  i n  t h e  p r o p e r  p r o p o r t i o n s ,  t h e  o i l  n o t  o n ly
- 1 3 1 -
h a s  a  s e l e c t i v e  a c t i o n  f o r  t h e  s u l p h i d e s ,  h u t  t h e  g a s  
a l s o  h a s  a  s e l e c t i v e  a c t i o n  f o r  t h e  o i l e d  p a r t i c l e s ,  
and  t h a t  i t  i s  n o t  n e c e s s a r y  t o  h a v e  a  l a r g e  amount o f  
o i l  t o  f l o a t  t h e  s u l p h i d e s  by o i l - b o u y a n c y * , a s  d i d  
F r a n k  E l m o r e ' s  o r i g i n a l  p r o c e s s ,  a  f a c t  t h a t  E lm o re  
h i m s e l f  by t h e n  u n d e r s t o o d .
Eroment  m ixed  t h e  c r u s h e d  o re  w i t h  t h r e e  t i m e s  i t s
own w e ig h t  o f  w a t e r  and added  o n ly  a  s m a l l  q u a n t i t y  o f
o i l ,  o b s e r v i n g  t h a t  t h e  o i l e d  m i n e r a l  p a r t i c l e s
c o l l e c t e d  t o g e t h e r  i n  ' s p h e r u l e s '  s i m i l a r  t o  C a t t e r -
r a o l e ' s  g r a n u l e s ,  b u t  which  were  c a r r i e d  t o  t h e  s u r f a c e
by  g a s  b u b b l e s .  He t h u s  r e c o r d e d  t h e  i m p o r t a n t  d e t a i l
t h a t  ' t h e  r a p i d i t y  o f  t h e  f o r m a t i o n  o f  t h e  s p h e r u l e s
and t h e i r  a s c e n s i o n  i s  i n  d i r e c t  r a t i o  t o  t h e  q u a n t i t y
27of  g a s  p r o d u c e d  i n  t h e  p u l p  i n  a  g i v e n  t i m e ' .
Eroment  d i d  n o t  d e v e lo p  t h i s  i d e a  i n t o  a  p r a c t i c a l  
p r o c e s s ,  b u t  t h e  phenomena he h a d  o b s e r v e d  were a t  t h e  
c o r e  o f  t h e  m ethods  d e v i s e d  i n  t h e  f o l l o w i n g  few y e a r s  
by  M i n e r a l s  S e p a r a t i o n  w h i l e  t h e  a p p a r e n t l y  more 
p r o m i s i n g  g r a n u l a t i o n  p r o c e s s  o f  A r t h u r  C a t t e r m o l e  
was q u i c k l y  s u p e r s e d e d .
The g r a n u l a t i o n  t e s t  p l a n t  o f  100 t o n s  c a p a c i t y  
came i n t o  u s e  a t  t h e  C e n t r a l  mine  e a r l y  i n  Ju n e  o f  1904 .  
I t  was u n d e r  t h e  s u p e r v i s i o n  of  G.A. Chapman of  
M i n e r a l s  S e p a r a t i o n ,  who s t a r t e d  a  t h o r o u g h  s e r i e s  o f  
t e s t s .  The p l a n t  q u i c k l y  p r o v e d  c a p a b le  of  m aking  h i g h  
r e c o v e r i e s  o f  l e a d ,  z i n c  and s i l v e r  from b o t h  m i l l  and  
dump s l i m e s ,  a s  w e l l  as  f rom  new o r e .  The l a r g e s t  s i z e
- 1 3 2 -
o f  p a r t i c l e  t h a t  c o u l d  he r e c o v e r e d  was a b o u t  i-mm i n  
d i a m e t e r  and  r e c o v e r y  im p ro v ed  w i t h  a  d rop  i n  p a r t i c l e  
s i z e  tov /a rd  t h e  s l i m e s .  At f i r s t  Chapman u s e d  a  h e a v y  
p e t r o l e u m  r e s i d u e ,  b u t  t h i s  d i d  n o t  work on s l i m e  and  
a f t e r  e x t e n s i v e  t e s t s  o l e i c  a c i d  e m u l s i o n  was f o u n d  t o  
be  b o t h  e c o n o m ic a l  and  e f f e c t i v e .  By December 1904 t e s t s  
t o  d e t e r m i n e  t h e  minimum q u a n t i t y  t h a t  would  g i v e  a  
r e c o v e r y  were  p r o d u c i n g  s u r p r i s i n g  r e s u l t s .  As t h e  
p r o p o r t i o n  o f  o l e i c  a c i d  was r e d u c e d  t h e  r a t e  o f  
r e c o v e r y  was m a i n t a i n e d ,  b u t  b e c a u s e  t h e r e  was 
i n s u f f i c i e n t  o i l  t o  b r i n g  a b o u t  g r a n u l a t i o n  t h e  m i n e r a l  
was i n s t e a d  b r o u g h t  t o  t h e  s u r f a c e  a s  a  f l o a t i n g  scum 
o r  f r o t h .  The o n l y  r e q u i r e m e n t  was t o  i n c r e a s e  t h e  
l e n g t h  o f  t h e  m ix in g  and t h u s  t h e  a e r a t i o n  o f  t h e  p u l p .
T h i s  work was s u f f i c i e n t l y  e n c o u r a g i n g  f o r  t h e  
S u l p h i d e  C o r p o r a t i o n  t o  b u i l d  a  p i l o t  p l a n t  o f  100 t o n s  
d a i l y  c a p a c i t y  i n c o r p o r a t i n g  t h e s e  m o d i f i c a t i o n s .  To 
a l l o w  f o r  t h e  l o n g e r  a g i t a t i o n  t h e  m ix in g  t a n k s  were  
made f i v e  f e e t  deep and t h r e e  f e e t  i n  d i a m e t e r ,  and  
m ix in g  was by c i r c u l a r  wooden p a d d l e s  e ach  30 i n c h e s  
i n  d i a m e t e r  w hich  spun  a t  t h e  r a t e  o f  350 r e v o l u t i o n s  
p e r  m i n u t e .  To g i v e  t h e  r e q u i r e d  c a p a c i t y  i n  c o n t i n u o u s  
o p e r a t i o n  t h e r e  were two s e t s  o f  s i x  m i x e r s  f o r  f i r s t  
and se c o n d  s t a g e  t r e a t m e n t  w i t h  t h e  n e c e s s a r y  c r u s h i n g  
and s e p a r a t i n g  a p p a r a t u s ,  and W i l f l e y  t a b l e s  f o r  t h e  
s e p a r a t i o n  o f  c o a r s e  sa n d  from g r a n u l a t e d  s u l p h i d e s .
I t  v;as b u i l t  d u r i n g  t h e  f i r s t  s i x  m onths  o f  1905 a t  a  
c o s t  o f  £11 ,000  and s t a r t e d  work i n  J u l y  when Jam es
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C u r l e ,  a  m in in g  j o u r n a l i s t  and a  d i r e c t o r  o f  M i n e r a l s  
S e p a r a t i o n  L t d . ,  w r o t e  i n  The E con o m is t  ' t h a t  B roken  
H i l l  was on t h e  eve  o f  m e t a l l u r g i c a l  t r i u m p h '  and 
p r e d i c t e d  t h a t  i t  would  soon  p r o d u c e  z i n c  i n  g r e a t
n o
q u a n t i t i e s .
F u r t h e r  r e s e a r c h  i n  London and A u s t r a l i a  h a d  
e s t a b l i s h e d  t h a t  p r o p o r t i o n s  o f  o i l  a s  s m a l l  a s  0 .1  p e r  
c e n t  were s u f f i c i e n t  t o  e f f e c t  f l o t a t i o n .  P a t e n t s  h a d  
b e e n  f i l e d  t o  p r o t e c t  t h i s  d i s c o v e r y  i n  B r i t a i n ,  
A u s t r a l i a  and t h e  U n i t e d  S t a t e s  by Sulman,  P i c a r d  and 
J o h n  B a l l o t  i n  A p r i l  an d  May o f  1905 .  The C e n t r a l  mine 
p l a n t  u n d e rw e n t  m o d i f i c a t i o n  soon  a f t e r  i t  opened t o  
u s e  such  a  s m a l l  amount  o f  o i l .  As b u i l t ,  t h e  p u l p  and 
r e a g e n t s  were  f e d  t h r o u g h  t h e  f i r s t  s e t  of  s i x  m ix in g  
t a n k s  and t h e  by  t h e n  d e m i n e r a l i s e d  s l im e  rem oved  i n  a  
c l a s s i f i e r  by an upward c u r r e n t  o f  w a t e r .  The r e m a i n i n g  
m a t e r i a l  was p a s s e d  t o  a  se c o n d  s e t  o f  t h r e e  m i x e r s  
w i t h  more o i l  and a c i d  b e i n g  added  i f  n e c e s s a r y .  More 
s l i m e  w a s t e  was t h e n  removed i n  a  s e c o n d  c l a s s i f i e r ,  
and  t h e  p u l p  p a s s e d  t o  a  t h i r d  s e t  o f  t h r e e  m ix in g  
t a n k s  and t h e n  on t o  W i l f l e y  t a b l e s .  S e p a r a t i o n  was 
e f f e c t e d  w i t h  t h e  c o n c e n t r a t e  t h a t  h a d  f r o t h e d  i n  t h e  
m ix in g  p a s s e d  o f f  t h e  t a b l e  o p p o s i t e  t h e  p o i n t  o f  
f e e d i n g ,  w h i l e  t h e  g r a n u l a t e d  s u l p h i d e s  r e m a in e d  i n  
c o n t a c t  w i t h  t h e  t a b l e  a s  d i d  t h e  s a n d s .  The s u l p h i d e s  
were  f l o a t e d  f r e e  by  t h e  a c t i o n  of  ' p u f f s  o f  a i r  
s u p p l i e d  t h r o u g h  a  p i p e  l a i d  l e n g t h w i s e  and c l o s e  t o  
t h e  t a b l e ,  and t h e n  f l o a t e d  o f f  w i t h  t h e  f r o t h
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c o n c e n t r a t e ' ,  w h i l e  t h e  s a n d  was d e l i v e r e d  t o  t h e  end 
o f  t h e  t a b l e  ' t h u s  e x a c t l y  r e v e r s i n g  t h e  r e l a t i v e  
p o s i t i o n s  o f  c o n c e n t r a t e  and  t a i l i n g  a s  o r d i n a r i l y  
o b t a i n e d  by  g r a v i t y  c o n c e n t r a t i o n ' . ^ ®
From f i r s t  o p e r a t i o n ,  r e c o v e r y  o f  f l o a t  c o n c e n t r a t e  
p r o v e d  v e r y  s i m p l e ;  n o t  so t h e  s e p a r a t i o n  o f  s u l p h i d e  
g r a n u l e s  f rom  s a n d s  on t h e  t a b l e s .  The c l a s s i f i e r s  were  
o f t e n  choked  by t h e  q u a n t i t y  o f  s l i m e s  i n  t h e  f e e d ,  
w h ich  o v e r f l o w e d  and r e d u c e d  t h e  a s s a y  and s a l e  v a l u e  
o f  t h e  f i n a l  c o n c e n t r a t e .  I t  was t h u s  d e c i d e d  t o  b u i l d  
a  s m a l l  c l a s s i f i e r  box w hich  was i n t r o d u c e d  e a r l y  i n  
1905 and f e d  w i t h  t h e  p u l p  from t h e  s e v e n t h  m ix i n g  t a n k .  
T h i s  p r o v e d  m ost  e f f e c t i v e  i n  rem o v in g  s l i m e s .
A g i t a t i o n  was a l s o  f o u n d  t o  be e x c e s s i v e  and t h e  l a s t  
t h r e e  m i x e r s  were  t a k e n  o u t  o f  u s e .  T h i s  a c t i o n  im proved  
t h e  o p e r a t i o n  o f  t h e  t a b l e s .
By t h e  end o f  August  i t  was f o u n d  p o s s i b l e  t o  o b t a i n  
t h e  r e q u i r e d  d e g re e  o f  a e r a t i o n  from t h e  f i r s t  s i x  
m i x e r s  a l o n e ,  and t h e  s e v e n t h  and e i g h t h  t a n k s  were 
r em o v e d .  I n  t h e i r  p l a c e  was b u i l t  a  f u r t h e r  c l a s s i f i e r  
box  o f  t h r e e  co m pa r tm e n ts  w h ich  was t o  r e c e i v e  a l l  t h e  
a g i t a t e d  m a t e r i a l  and d e l i v e r  t h r e e  p r o d u c t s .  The f i r s t  
com par tm en t  s e p a r a t e d  h e a v y  g r a n u l a t e d  s u l p h i d e s ,  w h i l e  
t h e  se c o n d  d e l i v e r e d  a  m i d l i n g  p r o d u c t  o f  s u l p h i d e s  and 
h e a v y  s a n d s  which  was f e d  t o  t h e  W i l f l e y  t a b l e s  f o r  
f u r t h e r  t r e a t m e n t .  Waste s a n d s  and s l i m e s  w ere  
c o l l e c t e d  i n  t h e  f i n a l  c o m p a r tm e n t ,  f rom w h ic h  f l o a t i n g  
m i n e r a l s  and  w a s te  were  a l l o w e d  t o  o v e r f l o w .  T h i s  was
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t h e  p o i n t  o f  d e ve lop m en t  a t  w hich  i t  was e s t a b l i s h e d  i n  
p r a c t i c e ,  i f  n o t  f u l l y  p r o v e d ,  t h a t  t h e  f l o a t i n g  
m a t e r i a l  was more v a l u a b l e  and more e a s i l y  c o l l e c t e d  
t h a n  t h e  g r a n u l a t e d  p r o d u c t  o r i g i n a l l y  s o u g h t .
E x p e r i m e n t a t i o n  c o n t i n u e d ,  and e a r l y  i n  Sep tem b er  
1905 i t  was fo u n d  t h a t  r e c o v e r y ,  p a r t i c u l a r l y  from 
s l i m e s ,  was im proved  by  r a i s i n g  t h e  t e m p e r a t u r e  o f  t h e  
p u l p .  Steam j e t s  were  i n t r o d u c e d  i n t o  t h e  m ix in g  
v e s s e l s  f o r  t h e  p u r p o s e .  Cone a g i t a t o r s  o f  p h o s p h o r  
b r o n z e  were  t r i e d ,  b u t  wear  due t o  s c o u r i n g  by sand  
was e x c e s s i v e  and t h e y  were  a b a n d o n n e d a l t h o u g h  t h e  
a e r a t i o n  h a d  b e e n  im p r o v e d .  By t h i s  t im e  t e s t s  i n  
M i n e r a l s  S e p a r a t i o n ' s  London l a b o r a t o r i e s  had  p r o v e d  
t h a t  a  v e r y  s m a l l  amount o f  o i l  c o u ld  be u s e d  t o  f l o a t  
e a c h  p a r t i c l e  o f  m i n e r a l  i n d e p e n d e n t l y ,  r a t h e r  t h a n  
g r a n u l a t i n g  and s i n k i n g  th e m .  T h i s  h a d  b e e n  p a t e n t e d  
and d e t a i l s  f o r w a r d e d  t o  t h e  m e t a l l u r g i s t s  a t  t h e  
C e n t r a l  mine who h a d  made s i m i l a r  o b s e r v a t i o n s .
D u r in g  S ep tem b er  t e s t s  were made on s l i m e s  from t h e
dump t o  t e s t  t h i s  new m e th o d .  A g i t a t i o n  was c a r r i e d  o u t
i n  s i x  m i x e r s  u s i n g  t h e  cone m ix e r s  r e j e c t e d  from t h e
main p l a n t .  The q u a n t i t y  o f  o l e i c  a c i d  u s e d  was b e tw e e n
0.15  and 0 . 2  p e r  c e n t  o f  t h e  d ry  w e i g h t  o f  t h e  s l i m e ,
and t h e  p u l p  m a i n t a i n e d  a t  a  t e m p e r a t u r e  o f  a b o u t  8 5 ^F .
P u l p  was p a s s e d  t h r o u g h  t h e  s e r i e s  o f  m i x e r s  and f e d
28
' w i t h  a  good s p l a s h '  t o  a  c l a s s i f i e r .  The f l o a t  
p r o d u c t  was c o l l e c t e d  and t h e  r e s i d u e  p a s s e d  a g a i n  
w i t h  a  s p l a s h  t o  t h e  s e c o n d  c l a s s i f i e r ,  t h e  r e s i d u e
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from w hich  went  t o  s e t t l i n g  t a n k s .  The v a l u e  o f  t h e  
d rop  i n t o  t h e  c l a s s i f i e r s  was e m p h a s i s e d  b e c a u s e  i t  
a s s i s t e d  a e t a t i o n  and so f l o t a t i o n ,  w h i l e  h e a t i n g  
a s s i s t e d  t h e  o i l i n g  o f  m i n e r a l  p a r t i c l e s .  The t h r e e -  
com par tm ent  c l a s s i f i e r  from t h e  m ain  p l a n t  was u se d  a t  
f i r s t ,  b u t  was r e p l a c e d  by  a  s i m p l i f i e d  tw o -c o m p a r tm e n t  
m ach ine  w i t h o u t  an u p - c u r r e n t  o f  w a t e r ,  and f i n a l l y  by 
a  s i n g l e  com par tm ent  c l a s s i f i e r  was fo u n d  e q u a l l y  
s a t i s f a c t o r y  p r o v i d e d  t h a t  a e r a t i o n  o f  t h e  p u l p  was 
s u f f i c i e n t .  To t h i s  end a  r i g i d  b o a r d  was f i t t e d  a t  t h e  
h ead  o f  t h e  c l a s s i f i e r  a g a i n s t  w h ich  t h e  f e e d  p u l p  
c o u ld  be s p l a s h e d .
A f t e r  t r e a t i n g  o n ly  a b o u t  1 ,7 0 0  t o n s  o f  t a i l i n g s  and
s l im e  t h e  p l a n t  was r e m o d e l l e d  t o  work s o l e l y  by
f l o t a t i o n .  The W i l f l e y  t a b l e s  were r e p l a c e d  by  more o f
t h e  c l a s s i f i e r s  and h e n c e f o r t h  t h e  f e e d  was more f i n e l y
c r u s h e d  and mixed w i t h  a c i d i f i e d  w a t e r  i n  t h e  f i r s t
t a n k  where i t  was h e a t e d  by s team  j e t s .  The a c i d i t y  was
n e u t r a l i s e d  i n  t h e  s e c o n d  t a n k  so  t h a t  i r o n  f i t t i n g s
c o u ld  be  u s e d  i n  p l a c e  o f  c o p p e r  o r  wood. O l e i c  a c i d
was ad d ed  i n  t h e  s e c o n d  t a n k  i n  a  p r o p o r t i o n  o f  a b o u t
one p e r  c e n t  and t h e  p u l p  k e l p  warm and w e l l  a e n a t e d
f o r  t h e  r e s t  o f  i t s  m ix i n g .  T h ese  d e v e lo p m e n ts  formed
29
t h e  b a s i s  o f  a  p a t e n t  f i l e d  i n  1906 by  G.A. Chapman 
which  s u p p le m e n te d  t h e  1905 p a t e n t s  of  Su lm an,  P i c a r d  
and B a l l o t .  I t  a l s o  marked t h e  f i n a l  abandon*m ent  of  
t h e  C a t t e r m o l e  p r o c e s s .
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As m o d i f i e d  t h e  p l a n t  t r e a t e d  a  t o t a l  o f  1 3 5 ,8 0 8
t o n s  o f  t a i l i n g s  and p r o d u c e d  4 5 ,1 4 7  t o n s  o f  z i n c
c o n c e n t r a t e  w h ich  r e p r e s e n t e d  an a v e r a g e  r e c o v e r y  o f
72 p e r  c e n t  o f  t h e  a s s a y e d  v a l u e  o f  z i n c .  I t  was s h u t
down when t h e  S u l p h i d e  C o r p o r a t i o n  b u i l t  a  new m i l l  t o
p r o d u c e  l e a d  and z i n c  c o n c e n t r a t e s  f rom o r e ,  t h e  l e a d
b e i n g  s e p a r a t e d  on t a b l e s  and  t h e  z i n c  r e c o v e r e d  b y  t h e
M i n e r a l s  S e p a r a t i o n  f l o t a t i o n  p r o c e s s  i n  a  new p l a n t  o f
900 t o n s  d a i l y  c a p a c i t y  w h ich  c o s t  £ 2 5 ,0 0 0  t o  b u i l d .
The t a i l i n g  dumps o f  t h e  C e n t r a l  mine  were b o u g h t  by
M i n e r a l s  S e p a r a t i o n  who e r e c t e d  a  f u r t h e r  f l o t a t i o n
p l a n t  o f  900 t o n s  c a p a c i t y  t o  t r e a t  t h e  m a t e r i a l .  The
o r i g i n a l  p l a n t  was t h e n  abandonned  a s  o b s o l e t e .  A n o th e r
f l o t a t i o n  p l a n t  was b u i l t  f o r  t h e  t r e a t m e n t  o f  s l i m e s
from t h e  C e n t r a l  and  B lo c k  10 m in e s ,  b u t  a l t h o u g h  no
d i f f i c u l t y  was fo u n d  i n  o b t a i n i n g  a  c o n c e n t r a t e
c o n t a i n i n g  b o t h  l e a d  and z in c  s u l p h i d e s ,  t h i s  p r o v e d
so d i f f i c u l t  t o  s m e l t  t h a t  t h e  p r o j e c t  was a b a n d o n n e d .
D e s p i t e  t h i s  m in o r  s e t b a c k ,  t h e  C e n t r a l  mine was
r e a p i n g  t h e  b e n e f i t s  o f  p a t i e n t  and  i m a g i n a t i v e
deve lop m en t  work t h a t  h a d  t u r n e d  t h e  f a i l u r e  of
30g r a n u l a t i o n  i n t o  t h e  t r i u m p h  of  f l o t a t i o n . ^
D u r in g  t h e  m id d le  m onths  o f  1905,  when t h a t  t r a n s ­
f o r m a t i o n  was b e i n g  w rou g h t  a t  t h e  C e n t r a l  m in e .  B ro k e n  
H i l l  was v i s i t e d  by  a  f u t u r e  p r e s i d e n t  o f  t h e  U n i t e d  
S t a t e s  o f  A m e r ic a .  H e r b e r t  C la r k e  Hoover  was b o r n  a t  
West B r a n c h ,  Iowa,  i n  A ugus t  1874 .  Of a  Quaker  f a m i l y  
b u t  o rp h a n e d  a t  t h e  age of  e i g h t ,  he went  t o  l i v e  w i t h
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g r a n d p a r e n t s  i n  Oregon where  he d e t e r m i n e d  t o  s t u d y  
m in in g  e n g i n e e r i n g .  Hoover e n r ô l e d a s  a  s t u d e n t  i n  t h e  
f i r s t  c l a s s  o f  t h e  L e l a n d  S t a n f o r d  J r .  U n i v e r s i t y  a t  
P a l o  A l t o ,  C a l i f o r n i a ,  and g r a d u a t e d  i n  May 1885.  B e in g  
u n a b l e  t o  f i n d  im m e d ia te  employment a s  an e n g i n e e r ,  he 
worked  i n  t h e  g o l d  m in e s  o f  C a l i f o r n i a  where  he n o t  
o n ly  g a i n e d  v a l u a b l e  p r a c t i c a l  e x p e r i e n c e  b u t  l e a r n e d  
t h e  l a n g u a g e  o f  t h e  C o r n i s h  m i n e r s ;  he was s t i l l  a b l e  
t o  a d d r e s s  i n  C o r n i s h  a  crowd of e x p a t r i a t e  'C o u s i n  
J a c k s '  v/hen s p e a k i n g  a s  a  p r e s i d e n t i a l  c a n d i d a t e  i n  
C o lo ra d o  t h i r t y  y e a r s  l a t e r .
Hoover was soon  e n g ag e d  on s u r v e y  and management o f
m in es  i n  w e s t e r n  A u s t r a l i a  and  C h in a ,  where  he was
c a u g h t  up i n  t h e  t u r m o i l  o f  t h e  B oxer  r i s i n g .  I n  1901
he  became a  p a r t n e r  i n  t h e  l o n g - e s t a b l i s h e d  f i r m  of
Bewick M o re in g  & Co. b a s e d  i n  London,  and u n t i l  t h e
o u t b r e a k  o f  t h e  G r e a t  War Hoover  t r a v e l l e d  t h e  w o r l d
e x a m in in g  m ines  and a d v i s i n g  on t h e i r  w o r k i n g .  W i t h i n
a  v e r y  s h o r t  t im e  he  had  e s t a b l i s h e d  a  w o r ld w id e
r e p u t a t i o n  f o r  sound  judg em en t  and p e r s o n a l  i n t e g r i t y ,
and he  employed  many ' u n i v e r s i t y - t r a i n e d  mine m a n a g e r s ,
31m e t a l l u r g i s t s  and  m e c h a n i c a l  e n g i n e e r s '  f rom t h e  
U n i t e d  S t a t e s  t o  m o d e r n i s e  t h e  g o l d  m in e s  of  w e s t e r n  
A u s t r a l i a .  By 1905 t h e  c o s t s  o f  w o rk in g  m in e s  u n d e r  
h i s  c o n t r o l  h a d  f a l l e n  by  40 p e r  c e n t  w h i l e  wages h a d  
b e e n  r a i s e d  f o r  n e a r l y  2 ,0 0 0  men who p r o d u c e d  g o l d  
w o r th  n e a r l y  n i n e  m i l l i o n  d o l l a r s .
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I t  was i n  1905,  when Hoover  was a b o a r d  s h i p  i n  
e
p a s s a g e  from M a r e l l e s  t o  A u s t r a l i a  t o  i n s p e c t  m in es  
a b o u t  K a l g o o r l i e  t h a t  he  met F r a n c i s  G o v e t t e ,  an 
E n g l i s h  m e r c h a n t  b a n k e r .  He h a d  r e c e n t l y  b e e n  e l e c t e d  
c h a i r m a n  o f  t h e  com panies  owning t h e  Lake View and 
I v a n h o e  m i n e s ,  t h e n  two o f  t h e  most  i m p o r t a n t  g o l d  
m in e s  a t  K a l g o o r l i e .  The com p an ie s  h a d  b e e n  s u b j e c t  t o  
f r a u d u l e n t  m a n i p u l a t i o n  on t h e  s t o c k  m a r k e t  and  come 
c l o s e  t o  c o l l a p s e  w i t h  ' t h e  c r i m i n a l  c o n v i c t i o n  and 
s u i c i d e  o f  W i l l i a m  W r i g h t ,  t h e  c h i e f  m a n i p u l a t o r ' . ^ ^  
G o v e t t e  h a d  b e e n  a sk e d  by  t h e  s h a r e h o l d e r s  t o  
r e o r g a n i s e  t h e  b u s i n e s s ,  b u t  a l t h o u g h  ' a  man o f  wide  
o u t l o o k  and h i g h  i n t e g r i t y ,  w i t h  a l l  t h e  l o y a l t i e s  
and f o r m a l i t i e s  o f  E n g l i sh m e n  of  h i s  c l a s s ' ,  he h a d  
h a d  no e x p e r i e n c e  o f  m in i n g .
A f t e r  o n l y  a  few days  i n  K a l g o o r l i e  he met  w i t h  
Hoover and a d m i t t e d  ' t h a t  he  was i n  a  c o m p le t e  f o g .
He s a i d  i t  was a l l  Greek  t o  h im .  He t r u s t e d  n e i t h e r  t h e  
h o n e s t y  n o r  t h e  e s t i m a t e s  o f  t h e  s u p e r i n t e n d e n t s '  and 
a s k e d  t h a t  Bewick M ore ing  t a k e  c o m p le te  c h a r g e  o f  t h e  
two m in es  and r e o r g a n i s e  them t e c h n i c a l l y  and 
f i n a n c i a l l y .  Hoover  a g r e e d ,  and  t h e  m in es  w h ich  h a d  
b e e n  n o t o r i o u s l y  b a d l y  managed were soon  p r o d u c i n g  
s a t i s f a c t o r i l y ,  b u t  w i t h o u t  t h e  b e n e f i t  o f  an  E lm ore  
f l o t a t i o n  t e s t  p l a n t  t h a t  h a d  b e e n  t r i e d  two y e a r s  
b e f o r e .  Hoover  was s u b s e q u e n t l y  a p p ro a c h e d  by  o t h e r  
b o a r d s  o f  d i r e c t o r s  s e e k i n g  t o  r e a s s u r e  t h e i r  s h a r e ­
h o l d e r s  f o l l o w i n g  t h e  c o l l a p s e  o f  an a r t i f i c i a l  and
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o f t e n  f r a u d u l e n t  boom i n  A u s t r a l i a n  m in in g  s h a r e s .
I n  g e n e r a l ,  t h e  o u t l o o k  f o r  g o l d  m in in g  was n o t  
b r i g h t  i n  t h e  e a r l y  y e a r s  o f  t h e  c e n t u r y  and Hoover  f e l t  
i t  d e s i r a b l e  t o  e x t e n d  t h e  o p e r a t i o n s  of  h i s  f i r m  i n  t h e  
m in in g  o f  b a s e  m e t a l s .  L ead ,  c o p p e r ,  z i n c  and t i n  h e l d  
l e s s  romance  t h a n  g o l d ,  b u t  t h e i r  m in in g  was much l e s s  
s p e c u l a t i v e .  P e r h a p s  a l s o  H o o v e r ' s  Quaker  u p b r i n g i n g  
l e d  him t o  f i n d  g r e a t e r  s a t i s f a c t i o n  i n  p r o d u c i n g  
m e t a l s  w i t h  ' a  sound  i n d u s t r i a l  p u r p o s e ' .  To t h i s  end 
Bewick M ore ing  e s t a b l i s h e d  t h e  G r e a t  P i t z r o y  c o p p e r  
mine i n  Q u e e n s la n d  and Hoover ' i n t e n t  upon b a s e  m e t a l s *  
v i s i t e d  ' t h e  g r e a t  A u s t r a l i a n  s i l v e r - l e a d  d i s t r i c t  a t  
B roken  H i l l ' .  He fo u n d  i t  ' o n e  o f  t h e  d r e a r i e s t  p l a c e s  
i n  t h e  w o r l d '  s i n c e  ' i t  l a y  i n  t h e  m id d le  o f  t h e  
d e s e r t ,  was u n b e l i e v a b l y  h o t  i n  summer, h a d  no f r e s h  
w a t e r  e x c e p t  a s  h a u l e d  i n  o r  d i s t i l l e d .  T h e r e  was 
p r a c t i c a l l y  no v e g e t a t i o n ,  and t h e  m o u n ta i n s  o f  
t a i l i n g s  b lew  i n t o  e v e r y  c r a c k ,  c o r n e r ,  d i s h  and b e d  
w i t h  e v e r y  w isp  o f  w in d .  I t  v/as h e a l t h f u l  enou g h ,  
ho w ever ,  and  w e l l  s u p p l i e d  w i t h  d r i n k s '
Hoover  o b s e r v e d  t h a t  ' t h e  m in in g  m ethods  were  
o b s o l e t e  and  none o f  t h e  com pan ie s  h a d  d i s c o v e r e d  a 
s a t i s f a c t o r y  m ethod  o f  r e c o v e r i n g  t h e  z i n c ' ,  a l t h o u g h  
t h e  P r o p r i e t a r y  company h a d  a l r e a d y  s o l d  more t h a n  
1 00 ,000  t o n s  o f  z i n c  c o n c e n t r a t e  p r o d u c e d  by  t h e  
D e l p r a t  p r o c e s s .  Hoover saw a  g r e a t  o p p o r t u n i t y  and 
was e n c o u r a g e d  i n  t h e  v i e w  by m e e t i n g  W.L. B a l l i e u ,  
t h e  M elbourne  f i n a n c i e r  who was t h e n  d e e p l y  i n v o l v e d
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v / i th  t h e  d e v e lo p m e n t  o f  de B a v a y ' s  p r o c e s s  and was 
p u r c h a s i n g  s u p p l i e d  o f  t a i l i n g s  t o  he t r e a t e d .  A f t e r  
Hoover  h a d  'w a l k e d  o ve r  t h e  dumps, l e a r n e d  v/hat he 
c o u ld  a b o u t  t h e  h u sh e d  e x p e r i m e n t s ' ^ ^  and p r o b a b l y  
b e e n  shown some d e t a i l s  o f  t h e  de Bavay p r o c e s s  by 
B a l l i e u  w h ic h  s u p p le m e n te d  t h e  ' s y s t e m a t i c  r e s e a r c h  
upon  t h e  s u b j e c t '  o f  z i n c  r e c o v e r y  he  h a d  i n s t i t u t e d  
i n  t h e  l a b o r a t o r i e s  o f  Bewick M o re in g ,  he was c o n v in c e d  
t h a t  t h e  z i n c  p ro b lem  would  v e r y  s i m p ly  and v e r y  
p r o f i t a b l y  be s o l v e d  by  f l o t a t i o n .
H e r b e r t  Hoover  e n t e r e d  i n t o  p a r t n e r s h i p  w i t h  B a l l i e u ,  
W.S. R o b in s o n  o f  M elbourne  and F r a n c i s  G o v e t t e ,  and 
w i t h  B a l l i e u  he  g a i n e d  c o n t r o l  o f  more t h a n  t h r e e  
m i l l i o n  t o n s  o f  t a i l i n g s  u n d e r  c o n t r a c t s  o f  f u t u r e  
p a y m e n t .  I n  Sep tem ber  1905 t h i s  p r i v a t e  s y n d i c a t e  
l a u n c h e d  t h e  Z inc  C o r p o r a t i o n  a s  a  p u b l i c  company t o  
r a i s e  c a p i t a l  and f i n a n c e  t r e a t m e n t  o f  t h e  t a i l i n g s .  
L a rg e  p a y m en ts  were due w i t h i n  a  few y e a r s  and  income 
from c o n c e n t r a t e  s a l e s  was u r g e n t l y  n e e d e d .  So was a  
means o f  t r e a t i n g  t h e  t a i l i n g s .  The de Bavay p r o c e s s  
was s t i l l  f a r  from co m m erc ia l  a p p l i c a t i o n .  D e l p r a t ' s  
p r o c e s s  was f i r m l y  u n d e r  t h e  c o n t r o l  of  t h e  B ro ken  
H i l l  P r o p r i e t a r y  Company. The M i n e r a l s  S e p a r a t i o n  
p l a n t  a t  t h e  C e n t r a l  mine was o n l y  s l o w l y  p r o v i n g  
i t s e l f  u n d e r  i t s  new g u i s e  o f  f l o t a t i o n .  F r a n k  E l m o r e ' s  
o r i g i n a l  o i l  p r o c e s s  h a d  b e e n  abandonned  and  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  was f a c i n g  l i q u i d a t i o n .
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The Z inc  C o r p o r a t i o n  t h u s  c h o s e ,  p e r h a p s  w i t h  l i t t l e  
a l t e r n a t i v e ,  t o  t r y  C h a r l e s  P o t t e r ' s  p r o c e s s  a l t h o u g h  
P o t t e r  h i m s e l f  was t h e n  deep  i n  l i t i g a t i o n  w i t h  D e l p r a t  
and t h e  P r o p r i e t a r y  company. H is  p r o c e s s  h a d  a l r e a d y  
b e e n  aban d on n ed  by  t h e  B lo c k  14 company i n  f a v o u r  o f  
t h e i r  o l d  m a g n e t i c  p l a n t  b e c a u s e  o f  d i f f i c u l t i e s  i n  
t r e a t i n g  s l i m e s .  The Z inc  C o r p o r a t i o n  s p e n t  many m onths  
and £ 1 0 0 ,0 0 0  i n  p r o v i n g  t h a t  t h e y  c o u l d  do no b e t t e r ,  
even  th o u g h  t h e  m a t e r i a l  u s e d  f o r  t h e i r  t e s t s  c o n t a i n e d  
o n ly  s m a l l  am ounts  o f  s l i m e  and t h e y  m ig h t  h a v e  hoped  
f o r  g r e a t e r  s u c c e s s .
By 1906, when Hoover  a s  m anag ing  d i r e c t o r  was a g a i n  
s e e k i n g  a  s e p a r a t i o n  p r o c e s s ,  t h e  M i n e r a l s  S e p a r a t i o n  
p l a n t  a t  t h e  C e n t r a l  mine h a d  b e e n  p r o v e n  a  s u c c e s s  and 
t h e  S u l p h i d e  C o r p o r a t i o n  was c o n s i d e r i n g  i n v e s t m e n t  i n  
t h e i r  new m i l l  t o  i n c l u d e  a  f l o t a t i o n  s e c t i o n .  T h e re  
were s t i l l  no o t h e r  p r o c e s s e s  a v a i l a b l e  w h ich  seemed i n  
any way s u i t e d  t o  t h e  n e e d s  o f  t h e  Z inc  C o r p o r a t i o n  
and Hoover  d e c i d e d  t o  i n s t a l l  a  M i n e r a l s  S e p a r a t i o n  
p l a n t .  An e n g i n e e r  named Queneau was b r o u g h t  from New 
York t o  s u p e r v i s e  c o n s t r u c t i o n  o f  a  p l a n t  m o d e l l e d  
c l o s e l y  on t h a t  a t  t h e  C e n t r a l  m in e .  I t  was i n  
o p e r a t i o n  by  t h e  end o f  t h e  y e a r ,  b u t  c o u ld  n o t  
r e p r o d u c e  t h e  r e s u l t s  o b t a i n e d  from t h e  o l d e r  p l a n t  
where  a b o u t  75 p e r  c e n t  o f  t h e  z i n c  h a d  b e e n  r e c o v e r e d .  
A l th o u g h  a t  t i m e s  i t  gave  much h i g h e r  r e c o v e r i e s  t h a n  
75 p e r  c e n t ,  i t s  o v e r a l l  r e s u l t s  were  i n s u f f i c i e n t  t o
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g u a r  a i ï t e e  t h e  p r o s p e r i t y  o f  t h e  Z inc  C o r p o r a t i o n  and 
t h e  M i n e r a l s  S e p a r a t i o n  p l a n t  was deemed a  f a i l u r e  
a f t e r  l e s s  t h a n  a  y e a r  o f  o p e r a t i o n .
By March o f  1907 t h e  c o r p o r a t i o n ' s  f i n a n c i a l
p o s i t i o n  was d e s p a r a t e ,  h u t  a n o t h e r  f l o t a t i o n  p r o c e s s
h a d  r e c e n t l y  become a v a i l a b l e .  T h i s  was t h e  E lm ore
vacuum p r o c e s s ,  f o r  w hich  a  t e s t  p l a n t  h a d  b e e n  b u i l t
a t  t h e  West B roken  H i l l  s i t e  of  t h e  A u s t r a l i a n  M e ta l
Company. R e s u l t s  p r o v e d  i t  c a p a b l e  o f  m ak ing  good
r e c o v e r i e s  o f  z i n c  from dump t a i l i n g s ,  b u t  t h e
d i r e c t o r s  o f  t h e  Z inc  C o r p o r a t i o n  b a d l y  n e e d e d  money i f
t h e y  were t o  make u se  o f  i t .  They were a l r e a d y  f a c i n g
b a n k r u p t c y  t h r o u g h  f a i l i n g  t o  make c o n t r a c t e d  paym en ts
f o r  t a i l i n g  dumps. The c h a i r m a n ,  F r a n c i s  G o v e t t e ,
a d m i t t e d  i n  1907 t h a t  he was ' overwhelmed w i t h  t h e
s e n s e  o f  t h e  s h a r e h o l d e r s '  m i s f o r t u n e s  and t h e i r  l o s s '
a s  w e l l  he m i g h t ,  h a v i n g  h i m s e l f  i n v e s t e d  n e a r l y
37£ 1 0 0 ,0 0 0  i n  t h e  v e n t u r e .  G o v e t t e  a s k e d  t h e  s h a r e ­
h o l d e r s  t o  be p a t i e n t  w h i l e  h a l f  o f  t h e  p r o j e c t e d  
E lm ore  p l a n t  was b u i l t ,  p r o m i s i n g  t h a t  t h e  c o r p o r a t i o n  
would  be l i q u i d a t e d  i f  t h i s  p r o v e d  a  f a i l u r e .  Money 
was r a i s e d  by an i s s u e  o f  p r e f e r e n c e  s h a r e s  and bank 
l o a n s  w h ich  were  g u a r a n t e e d  by t h e  Lake View company 
o f  w h ich  G o v e t t e  v/as s t i l l  t h e  c h a i r m a n .  A t o t a l  of 
£ 1 8 0 ,0 0 0  was r a i s e d  and by F e b r u a r y  1908 s i x t e e n  u n i t s  
o f  Elmore p l a n t  were i n s t a l l e d  a n d  w o r k i n g .  The 
M i n e r a l s  S e p a r a t i o n  p l a n t  went o u t  o f  u s e  so o n  a f t e r .
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Much o f  t h e  f e e d  was a l r e a d y  s u f f i c i e n t l y  f i n e l y  
g ro u n d  f o r  t h e  vacuum m a c h in e s ,  w hich  worked  b e s t  w i t h  
f i n e  s a n d s  r a t h e r  t h a n  s l i m e s .  The o v e r s i z e  m a t e r i a l  
was c r u s h e d  i n  p a n s ,  and t o  e a c h  t o n  o f  f e e d  was added  
21 pounds  o f  s u l p h u r i c  a c i d ,  8 . 9  pounds  of  h e a v y  o i l  
t h a t  was t h e  r e s i d u e  of  d i s t i l l a t i o n  and 1 0 .7  po unds  of  
l i m e s t o n e .  The l a t t e r  was q u a r r i e d  n e a r b y  and r e a c t e d  
w i t h  t h e  a c i d  t o  p r o v i d e  g a s  t o  a s s i s t  f l o t a t i o n .  Both  
z i n c  and l e a d  s u l p h i d e s  were f l o a t e d  and t h i s  m a t e r i a l  
a s s a y e d  a t  a b o u t  43 p e r  c e n t  o f  z i n c  and e l e v e n  p e r  
c e n t  l e a d  w i t h  s e v e n t e e n  ou n c es  o f  s i l v e r  t o  t h e  t o n .
I t  was f o u n d  t h a t  i f  t h e  c o n c e n t r a t e  was d r i e d  and
t h e n  r o a s t e d  a t  a  low t e m p e r a t u r e  t o  b u r n  o f f  t h e  s m a l l
amount o f  o i l  r e m a i n i n g ,  i t  c o u ld  be t r e a t e d  on W i l f l e y
t a b l e s  and m os t  o f  t h e  l e a d  r e c o v e r e d  a s  a  s e p a r a t e
c o n c e n t r a t e .  T h i s  c o n s i d e r a b l y  e n h a n c e d  t h e  v a l u e  o f
t h e  z i n c  c o n c e n t r a t e  a s  w e l l  a s  p r o v i d i n g  an  e x t r a
s o u r c e  o f  r e v e n u e .  The f i n a l  z i n c  p r o d u c t  a s s a y e d  a t
a b o u t  46 p e r  c e n t  o f  z i n c  and s i x  p e r  c e n t  l e a d ,  w i t h
t h i r t e e n  o u n c e s  of  s i l v e r  t o  t h e  t o n .  The amount of
m i n e r a l  t h a t  went t o  w a s t e  d ep ended  on t h e  d e g r e e  of
o x i d a t i o n  o f  t h e  f e e d ,  b u t  was u s u a l l y  l e s s  t h a n  s i x
p e r  c e n t  o f  z i n c ,  t h r e e  p e r  c e n t  l e a d  and  f o u r  o un c es
38p e r  t o n  of  s i l v e r .
The E lm ore  p l a n t  was o p e r a t e d  c o n t i n u o u s l y  b e tw e e n  
F e b r u a r y  1908 and J u l y  1911,  t r e a t i n g  i n  a l l  7 1 4 ,3 9 9  
t o n s  of  t a i l i n g s  and p r o d u c i n g  2 4 1 ,7 1 0  t o n s  o f  z i n c  
and 2 0 ,6 3 9  t o n s  of  l e a d  c o n c e n t r a t e s ,  b u t  s t i l l  o n ly
- 1 4 5 -
r e t u r n e d  a  m o des t  p r o f i t  t o  t h e  Z inc  C o r p o r a t i o n ,  I n  
t h a t  t im e  d e v e lo p m e n t  of  t h e  M i n e r a l s  S e p a r a t i o n  
p r o c e s s  h a d  b e e n  so r a p i d  and t h e  r e s u l t s  from t h e  
C e n t r a l  m i n e ' s  p l a n t  so good t h a t  t h e  c o r p o r a t i o n  soon  
r e g r e t t e d  i t s  c o s t l y  s w i t c h .  I t  was d e c i d e d  t o  r e v e r t  
t o  an im p ro v e d  form o f  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  
a s  soon  a s  f i n a n c e  p e r m i t t e d .  I n f l u e n t i a l  b o t h  i n  t h i s  
d e c i s i o n  and t h e  d e v e lo pm en t  o f  t h e  p r o c e s s  was H e r b e r t  
H o o v e r ’ s b r o t h e r ,  T h eod o re  J e s s e  H o o v e r .  L ik e  h i s  
b r o t h e r ,  T h eo do re  h a d  t r a i n e d  a s  a  m in in g  e n g i n e e r  a t  
S t a n f o r d  U n i v e r s i t y ,  g r a d u a t i n g  i n  1901 .  He h a d  b e e n  
engag ed  a s  a  c o n s u l t i n g  e n g i n e e r  by  M i n e r a l s  S e p a r a t i o n  
L t d .  e a r l y  i n  i t s  l i f e  and i t  v/as he who c o n t r i b u t e d  
t h e  g r e a t e s t  m e c h a n i c a l  advance  t o  t h e i r  p r o c e s s ,  
com bin ing  t h e  p r o d u c t i o n  of  f r o t h  and i t s  s e p a r a t i o n  
w i t h i n  one m a c h in e .  The m ix e r s  and i m p r o v i s e d  
c l a s s i f i e r s  d e v i s e d  f o r  t h e  o r i g i n a l  p l a n t  a t  t h e  
C e n t r a l  mine were r e p l a c e d  by t h e  a p p a r a t u s  shown i n  
F i g u r e  25 ,  w h ich  Hoover  p a t e n t e d  f o r  M i n e r a l s  
S e p a r a t i o n  L t d .  i n  1 9 0 9 .^ ^
At i t s  s i m p l e s t  t h i s  c o n s i s t e d  o f  a  number of  m ix in g  
and a g i t a t i n g  c o m p ar tm en ts  j o i n e d  t o  a  m o d i f i e d  
c l a s s i f i e r  b o x .  The m ix in g  c o m p a r tm e n ts  were  c o n n e c te d  
by  a p e r t u r e s  a t  t h e  b a s e  of  t h e  d i v i d i n g  p a r t i t i o n s ,  
and a  s i m i l a r  a p e r t u r e  c o n n e c te d  t h e  l a s t  com par tm ent  
t o  t h e  c l a s s i f i e r  w here  t h e  p u l p  was f i r s t  f o r c e d  up 
o v e r  a  b a f f l e .  The a g i t a t o r s  were  d r i v e n  by  b e l t s  or  
g e a r i n g  and c a u s e d  t h e  l i q u i d  p u l p  t o  r i s e  up a t  t h e
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s i d e s  o f  t h e  m i x e r s  w h i l e  a t  t h e  c e n t r e  i t  was l o w e r  
t h a n  t h e  l e v e l  o f  t h e  c l a s s i f i e r .  L a rg e  amounts  o f  a i r  
were  t h u s  b e a t e n  i n t o  t h e  p u l p ,  w h ic h  was mixed w i t h  
ab o u t  two p ounds  o f  o i l  and t e n  pounds  of  s u l p h u r i c  
a c i d  p e r  t o n  o f  o r e ,  and h e a t e d  by s team  j e t s  t o  a b o u t  
7 0 ^ 0 .  The f e e d  v/as c o n t i n u o u s  and so t h e  o v e r f l o w  from 
one com par tm ent  t o  a n o t h e r  and i n t o  t h e  c l a s s i f i e r  was 
c o n t i n u o u s  a l s o .  On r e a c h i n g  t h e  c l a s s i f i e r  a  dense  
f r o t h  o f  b u b b l e s  and s u l p h i d e s  i m m e d i a t e l y  r o s e  t o  t h e  
s u r f a c e  w here  i t  was c o l l e c t e d  i n t o  a  l a u n d e r  w h i l e  t h e  
w a s t e  sa n k  and  was rem oved  from t h e  b a s e  o f  t h e  
c l a s s i f i e r •
The Z inc  C o r p o r a t i o n  b u i l t  a  p l a n t  t o  o p e r a t e  t h i s  
p r o c e s s  d u r i n g  1910 .  I t  came i n t o  o p e r a t i o n  i n  November 
and worked a l o n g s i d e  t h e  e x i s t i n g  p l a n t  u n t i l  J u l y  o f  
t h e  f o l l o w i n g  y e a r  when t h e  Elmore  vacuum m a c h in e s  
f i n a l l y  went  o u t  o f  u s e .  The c o n c e n t r a t e  c o n t a i n e d  b o t h  
l e a d  and z i n c  and t h e  W i l f l e y  t a b l e s  were r e t a i n e d  t o  
s e p a r a t e  t h e s e  a s  b e f o r e .  R e s u l t s  were  g o o d .  D u r in g  t h e  
f i r s t  t h r e e  m onths  o f  w o rk in g  some 6 5 ,7 1 5  t n n s  of  
t a i l i n g s  w ere  t r e a t e d  t o  g i v e  1 4 ,9 6 4  t o n s  o f  z i n c  and 
1 ,825  t o n s  o f  l e a d  c o n c e n t r a t e s .  The p r o c e s s  r e c o v e r e d  
88 p e r  c e n t  o f  t h e  z i n c  from t h e  f e e d ,  60 p e r  c e n t  o f  
t h e  l e a d  an d  68 p e r  c e n t  o f  t h e  s i l v e r .  The l a s t  two 
f i g u r e s  were  r a t h e r  l o w e r  t h a n  h a d  b e e n  a c h i e v e d  by 
t h e  E lmore  p r o c e s s ,  b u t  c o s t s  were  l o w e r  and c a p a c i t y  
h i g h e r  w h i l e  r e c o v e r i e s  im prov ed  w i t h  o p e r a t i n g  
e x p e r i e n c e .  Most i m p o r t a n t l y ,  i t  was fo u n d  t h a t  t h i s
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m ach in e  h a d  no d i f f i c u l t y  i n  d e a l i n g  w i t h  s l i m e .
The p l a n t ,  a s  i t  v;as d e v e lo p e d  w i t h i n  a  v e r y  few 
y e a r s ,  was v e r y  e f f i c i e n t l y  a r r a n g e d  b o t h  i n  i t s  
f l o t a t i o n  and  i t s  g e n e r a l  e n g i n e e r i n g .  M a t e r i a l  was 
t a k e n  d a i l y  f rom m ost  o f  t h e  27 dumps ovmed by  t h e  
c o r p o r a t i o n  and d e l i v e r e d  e i t h e r  by  a e r i a l  ropew ay  or  
more commonly by  t r a i n .  I t  was dumped i n t o  l a r g e  
s t o r a g e  b i n s  a t  t h e  m i l l  and drawn o f f  t h r o u g h  s e l v e s  
t o  remove a n y t h i n g  more t h a n  two i n c h e s  i n  s i z e .  I t  was 
f e d  on t o  c o n v ey o r  b e l t s  and s i z e d  t h r o u g h  a  s e r i e s  of  
s c r e e n s  w i t h  a l l  o v e r s i z e  m a t e r i a l  g o i n g  t o  t u b e  m i l l s .  
The p u l p  t h e n  p a s s e d  t o  t h e  f l o t a t i o n  p l a n t ,  w hich  was 
d i v i d e d  i n t o  s i x t e e n  s e c t i o n s ,  e ac h  com par tm ent  b e i n g  
t h r e e  f e e t  s q u a r e .  E i g h t  were  m ix in g  c e l l s  f i t t e d  w i t h  
t w o - f o o t  d i a m e t e r  p a d d l e s  t u r n i n g  a t  360 r e v o l u t i o n s  
p e r  m i n u t e ,  w h i l e  t h e  o t h e r  e i g h t  were  f l o t a t i o n  
c e l l s  o r  c l a s s i f i e r s .
The p u l p  was f e d  i n t o  t h e  f i r s t  m ix e r  where  i t  was 
t h o r o u g h l y  a g i t a t e d  w i t h  a c i d  and e u c a l y p t u s  o i l  w h i l e  
b e i n g  h e a t e d  by  s team  j e t s .  I t  f l o w e d  t h r o u g h  an 
o p e n in g  a t  t h e  b a s e  o f  t h e  d i v i d i n g  w a l l  i n t o  t h e  
f i r s t  o f  t h e  f l o t a t i o n  c e l l s  where  t h e  m i n e r a l - r i c h  
f r o t h  v/as skimmed o f f .  The r e m a i n d e r  san k  and was 
drawn o f f  t h r o u g h  a  p i p e  i n t o  t h e  s e co n d  m ix in g  
com par tm ent  by t h e  a c t i o n  o f  i t s  a g i t a t o r .  T h e r e  i t  
was a g a i n  a e r a t e d  b e f o r e  p a s s i n g  t o  t h e  s e c o n d  
f l o t a t i o n  c e l l .  The p u l p  c o n t i n u e d  t h i s  p a t h  t h r o u g h  
t h e  p l a n t  t o  t h e  l a s t  f l o t a t i o n  c e l l .  By t h e n  a l l  f r e e
—14-8—
s u l p h i d e s  s h o u l d  have  b e e n  r e c o v e r e d  and t h e  r e s i d u e  
was drawn o f f  t h r o u g h  a  v a l v e  w h ich  r e g u l a t e d  t h e  r a t e  
o f  f l o w  t h r o u g h  t h e  whole  p l a n t .  I t  was so m e t im es  
n e c e s s a r y  t o  d i v e r t  p u l p  b a c k  from v a r i o u s  p o i n t s  i n  
t h e  p l a n t  t o  t h e  f i r s t  m ix in g  c e l l  f o r  f u r t h e r  
t r e a t m e n t  w i t h  t h e  a d d i t i o n  o f  more o i l  and a c i d .
The p l a n t  h a d  a  c a p a c i t y  o f  a b o u t  1 ,0 0 0  t o n s  d a i l y  and 
by  1912 was p r o d u c i n g  a  c o n c e n t r a t e  o f  4-7 p e r  c e n t  z i n c  
from a  f e e d  c o n t a i n i n g  an a v e r a g e  of  14 p e r  c e n t  o f  t h e  
m i n e r a l ,  a s  w e l l  a s  t h e  s e p a r a t e  l e a d  c o n c e n t r a t e . ^ ^
The Z in c  C o r p o r a t i o n  h a d  s u r v i v e d  i t s  e a r l y  t r o u b l e s  
t h r o u g h  t h e  f a i t h  o f  i t s  i n v e s t o r s  and t h e  ad van c e  o f  
f l o t a t i o n  t e c h n i q u e s .  T h a t  advan ce  h a d  a l s o  b r o u g h t  
p r o b l e m s ,  f o r  i t  h a d  r e n d e r e d  t h e  t a i l i n g s  dumps a 
much more v a l u a b l e  and e x p e n s i v e  s o u r c e  o f  raw  m a t e r i a l .  
They were  a l s o  f i n i t e  i n  e x t e n t  and t h e  Z in c  C o r p o r a t i o n  
t h e r e f o r e  amalgam ated  i n  1911 w i t h  t h e  B rok e n  H i l l  S o u th  
B lo c k s  company w h ich  c o u l d  p r o v i d e  a  r e g u l a r  s u p p l y  o f  
f r e s h  t a i l i n g s  from i t s  m i l l .  I n  1912 t h e  c o r p o r a t i o n  
p a i d  i t s  f i r s t  d i v i d e n d  t o  s h a r e h o l d e r s  and was f i r m l y  
e s t a b l i s h e d  t o  c a p i t a l i s e  on t h e  demand f o r  z i n c  
c r e a t e d  on t h e  o u t b r e a k  of  v/ar i n  1914-.
M i n e r a l s  S e p a r a t i o n  h a d  overcome i t s  t e c h n i c a l  
p ro b le m s  and a l s o  l o o k e d  f o r w a r d  t o  a  p r o f i t a b l e  
f u t u r e .  The work of  A r t h u r  C a t t e r m o l e ,  A l c id e  F r o m e n t ,  
H .L .  Sulman and H .F .K .  P i c a r d ,  G.A. Chapman, A r t h u r  
H i g g i n s ,  H enry  Greenway,  Edward W. N u t t e r  and 
T heodore  H o o v e r ,  t o g e t h e r  w i t h  many o t h e r s  o f  l a r g e
- 1 4 9 -
t e c h n i c a l  s t a f f s  i n  London and A u s t r a l i a  h a d  p l a c e d  
M i n e r a l s  S e p a r a t i o n  a s  t h e  w o r ld  l e a d e r s  i n  f l o t a t i o n  
t e c h n o l o g y  by  1912.  They h a d  b o t h  g r e a t  e x p e r i e n c e  
and a  s t r o n g  c h a i n  o f  p a t e n t s  t o  p r o t e c t  t h e i r  p r o c e s s .  
By t h e n  a l s o  t h e y  h a d  b e e n  e n g ag e d  i n  complex  and 
e x p e n s i v e  l i t i g a t i o n  o v e r  p a t e n t  r i g h t s  f o r  more 
t h a n  s e v e n  y e a r s .
150.
VI -  F l o t a t i o n  i n  C ha n ce ry
L i t i g a t i o n  b r o k e  o u t  o v e r  t h e  p a t e n t  r i g h t s  t o  
f l o t a t i o n  a lm o s t  a s  soon  as  t h e  p r o c e s s  became a  
p r a c t i c a l  p r o p o s i t i o n .  Under E n g l i s h  law  p a t e n t  
i n f r i n g e m e n t  i s  n o t  a  c r i m i n a l  o f f e n c e  b u t  a  c i v i l  
wrong and so t r i e d  i n  a  c i v i l  c o u r t ,  t h e  C h a n ce ry  
D i v i s i o n  o f  t h e  H igh  C o u r t .  To s u c c e e d ,  t h e  p l a i n t i f f  
m ust  p r o v e  he  i s  t h e  r i g h t f u l  owner o f  t h e  p a t e n t ,  t h e n  
e s t a b l i s h  t h a t  t h e  d e f e n d a n t  h a s  i n f r i n g e d  i t s  m onopoly .  
I n  r e p l y  t h e  d e f e n d a n t  may c h a l l e n g e  t h e  p l a i n t i f f ’s 
t i t l e  t o  t h e  p a t e n t ,  c la im  i t  t o  be i n v a l i d ,  or  s im p ly  
deny i n f r i n g e m e n t .  Such l i t i g a t i o n  fo rm s  a  v e r y  
s p e c i a l i s e d  a r e a  o f  p r a c t i c e  f o r  b a r r i s t e r s ,  w h i l e  t h e  
p a t e n t s  t h e m s e l v e s  a r e  c a r e f u l l y  d r a f t e d  documents  w i t h  
much o f  t h e i r  e f f e c t i v e n e s s  r e s t i n g  on t h e  p r e c i s e  
w o rd in g  o f  t h e  monopoly  c l a i m e d .  I f  t o o  wide t h e  p a t e n t  
can be fo u n d  i n v a l i d ,  i f  t o o  n a r r o w  i n f r i n g e m e n t  i s  
d i f f i c u l t  t o  p r o v e .  Some 171 c a s e s  were h e a r d  b e tw ee n  
1919 and 1944 , o f  w h ich  o n l y  46 were s u c c e s s f u l .  I n  99 
c a s e s  t h e  p a t e n t  was d e c l a r e d  i n v a l i d ,  w h i l e  i n  t h e
1
r e m a i n i n g  26 no i n f r i n g e m e n t  was f o u n d .  I t  i s  f o r  
t h e s e  r e a s o n s  t h a t  t h e  m a j o r i t y  o f  i n f r i n g e m e n t  d i s p u t e s  
n e v e r  r e a c h  t r i a l ,  b e i n g  s e t t l e d  o u t  of  c o u r t  o r  
a b and o nn ed i n  t h e  f a c e  o f  m o u n t in g  c o s t s .
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The s u i t s  c o n c e r n i n g  f l o t a t i o n  were  p a r t i c u l a r l y
b i t t e r l y  f o u g h t ,  f o r  t h e  c h e m i s t r y  o f  t h e  p r o c e s s  was
l i t t l e  u n d e r s t o o d  a l t h o u g h  e x p e r t s  on b o t h  s i d e s
c l a im e d  t o  be f a m i l i a r  w i t h  i t ,  and t h e  p r o t a g o n i s t s
h a d  l a r g e  i n v e s t m e n t s  and  huge p o t e n t i a l  p r o f i t s  t o
p r o t e c t .  T h e re  was a l s o  a  h i g h  d e g re e  of  p e r s o n a l  i l l -
f e e l i n g  w h ich  o f t e n  d i s c o u r a g e d  com prom ise .  J u s t  a s  i t
was t h e  E lm o res  who f i r s t  p r o d u c e d  a  p r a c t i c a l  p r o c e s s ,
so  i t  was t h e y  who f i r s t  em barked  on l i t i g a t i o n  t o
p r o t e c t  t h e i r  p a t e n t s .  I n  1902 t h e y  b e g a n  a n  a c t i o n  t o
oppose  t h e  g r a n t i n g  o f  p a t e n t s  t o  James W, Van M e te r
and M a r t i n  P ,  B o s s ,  two A m er ican s  who h a d  d e v i s e d  a
p r o c e s s  t h a t  employed a  h e a v y  o i l  t o  e f f e c t  t h e
s e p a r a t i o n  o f  s u l p h i d e s  from w a s t e  r o c k .  I t  was s i m i l a r
i n  p r i n c i p l e  t o  P r a n k  E l m o r e ’ s o r i g i n a l  p r o c e s s ,
a l t h o u g h  t h e  a p p a r a t u s  d i f f e r e d .  T h e i r  eq u ip m en t  was
i n s t a l l e d  and worked a t  t h e  S a n t a  B a r b a r a  mine and by
t h e  A l p i m i n a  M in ing  C o . ,  b o t h  i n  P e r u .  O p e r a t i n g
r e s u l t s  were  good ,  and a f t e r  a  c o u r t  h e a r i n g  t h e
p a t e n t s  were  g r a n t e d .  A s u b s e q u e n t  compromise l e d  t o
t h e i r  b e i n g  b o u g h t  by  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e
2
and combined w i t h  t h e  E lmore  p a t e n t s .
The t o r c h  o f  l i t i g a t i o n  was t a k e n  up by  t h e  
c o n s u l t i n g  m e t a l l u r g i s t s  H .L .  Sulman and H .P .K .  P i c a r d  
who i n  1905 sued  t h e i r  c l i e n t  J a c o b  D. Wolf f o r  t h e  
r e c o v e r y  o f  u n p a i d  p r o f e s s i o n a l  f e e s .  Wolf  was an 
Am erican  v;ho h a d  d e v i s e d  a  f l o t a t i o n  p r o c e s s  i n  1903 
w hich  r e s e m b l e d  t h a t  o f  P r a n k  E lm o r e .  He u s e d  a
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s u l p h o - c h l o r i n a t e d  o i l  and v i o l e n t  a g i t a t i o n  i n  t h e  
v e s s e l  shown i n  P i g u r e  26 t o  o b t a i n  a  h i g h  r e c o v e r y  of  
m i n e r a l  i n  a  low g ra d e  c o n c e n t r a t e .  T h i s  was washed  
w i t h  h o t  w a t e r  so t h a t  t h e  o i l e d  s u l p h i d e s  m ig h t  f l o a t  
o f f  and be c o l l e c t e d  i n  a  h i g h e r  g r a d e  of  c o n c e n t r a t e .  
A i r  o r  s te am  was blown i n t o  t h e  t a i l i n g  t o  h e l p  f r e e  and 
r a i s e  g l o b u l e s  o f  l o s t  o i l  and a t t a t c h e d  m i n e r a l  
p a r t i c l e s  and  so im prove  o v e r a l l  r e c o v e r y .
I t  was a  p r o c e s s  n o v e l  i n  i t s  a p p a r a t u s  r a t h e r  t h a n  
i t s  p r i n c i p l e ,  f o r  n o t  o n l y  h a d  t h e  E lm o res  d e m o n s t r a t e d  
t h e  u se  o f  o i l  f o r  s e p a r a t i o n ,  b u t  t h e  c h e m ic a l  
t r e a t m e n t  o f  t h e  o i l s  u s e d  h a d  i t s e l f  b e e n  p a t e n t e d  a  
y e a r  e a r l i e r .  I n  J u l y  1902 J o s e p h  B a r t o n  Scammell  h a d  
d e s c r i b e d  i n  B r i t i s h  p a t e n t  n o .  1 5 ,2 8 0  t h e  u se  o f  up t o  
one p e r  c e n t  o f  s u l p h u r  c h l o r i d e  t o  t h i c k e n  o i l  and 
i n c r e a s e  i t s  bou y an cy  and im prove  t h e  e f f i c i e n c y  o f  t h e  
o i l  p r o c e s s .  The c r u s h e d  o re  was s im p ly  t o  be  m ixed  
w i t h  w a t e r  and t h e  s u l p h o - c h l o r i n a t e d  o i l ,  a g i t a t e d ,  
and t r a n s f e r r e d  t o  s e t t l i n g  t a n k s  from w hich  a f t e r  a  
t im e  t h e  c o n c e n t r a t e  c o u ld  be skimmed o f f .
Wolf h a d  engaged  Sulman and P i c a r d  t o  i n v e s t i g a t e  
and im prove  t h e  w o rk in g  of  h i s  p r o c e s s .  They were  by 
t h e n  a l r e a d y  i n t e r e s t e d  b o t h  a s  m e t a l l u r g i s t s  and 
i n v e s t o r s  i n  t h e  M i n e r a l s  S e p a r a t i o n  s y n d i c a t e  and  were  
c o n d u c t i n g  r e s e a r c h  on t h e  C a t t e r m o l e  and P ro m en t  
p r o c e s s e s .  Sulman and P i c a r d  t o l d  Wolf  o f  t h i s  c o n f l i c t  
o f  i n t e r e s t s ,  a d d in g  t h a t  i n  t h e i r  o p i n i o n  t h e  M i n e r a l s  
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s u g g e s t e d  he  e n g a g e d  a n o t h e r  m e t a l l u r g i s t .  Wolf 
n e v e r t h e l e s s  s i g n e d  an a g re em e n t  by which  t h e y  were  t o  
c o n d u c t  t r i a l s  o f  h i s  p r o c e s s  and p r o v i d e  Wolf w i t h  
f u l l  d e t a i l s  o f  t h e  r e s u l t s .  When t h e  m e t a l l u r g i s t s  
su ed  f o r  n o n -p aym en t  o f  f e e s ,  Wolf c o u n t e r - c l a i m e d  t h a t  
t h e y  h a d  b r o k e n  t h i s  a g re e m e n t  by  t h e m s e l v e s  a p p l y i n g  
f o r  p a t e n t s  t o  p r o t e c t  d i s c o v e r i e s  t h a t  s h o u l d  h av e  
b e e n  p a s s e d  o v e r  t o  h im .  The c a s e  was h e a r d  b e f o r e  
Mr J u s t i c e  B u c k le y  i n  t h e  C han ce ry  D i v i s i o n  o f  t h e  High 
C o ur t  and h i n g e d  on t h e  i n t e r p r e t a t i o n  o f  t h e  c o n t r a c t ,  
and  on how t h e  i n v e n t i o n s  p r o t e c t e d  by v a r i o u s  p a t e n t s  
h a d  b e e n  e v o l v e d .  Wolf c l a i m i n g  t h e y  were  t h e  r e s u l t  
o f  work on h i s  p r o c e s s .
I n  ju d g e m e n t ,  B u c k le y  c o n s i d e r e d  W o l f ' s  p a t e n t s
s i m i l a r  t o  t h o s e  o f  F r a n k  E lm ore  i n  t h a t  t h e  s u l p h i d e s
i n  a  p u l p  would 'become e n g aged  by  t h e  o i l ,  and s h a l l
■5
f l o a t  a s  by  l i t t l e  r a f t s  o f  o i l ' .  The p r o c e s s  p a t e n t e d  
by  Sulman and P i c a r d  on b e h a l f  o f  M i n e r a l s  S e p a r a t i o n  
h a d  i n s t e a d  t h e  o b j e c t  n o t  o f  d i r e c t l y  f l o a t i n g  t h e  
s u l p h i d e s  b u t  o f  c a u s i n g  g r a n u l a t i o n .  I t  was a  
d ev e lo p m e n t  o f  t h e  C a t t e r m o l e  p r o c e s s ,  n o t  an o i l  
f l o t a t i o n  p r o c e s s ,  and a l t h o u g h  i t  was l a t e r  m o d i f i e d  
so t h a t  a i r  b u b b l e s  c o u ld  a s s i s t  i n  r e c o v e r y ,  i t  t h e n  
became a  p r o c e s s  o f  f l o t a t i o n  by a i r  r a t h e r  t h a n  by  o i l .  
Judgem ent  was i n  f a v o u r  o f  Sulman and P i c a r d  who had  
d i s c h a r g e d  a l l  o b l i g a t i o n s  of  t h e  c o n t r a c t  w i t h  Wolf ,  
who was t o  pay  t h e  f e e s  a g r e e d .  A l th o u g h  t h i s  d i d  n o t  
form a  p r e c e d e n t  i n  t e r m s  o f  p a t e n t  l i t i g a t i o n ,  t h e
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c a se  m ig h t  h av e  s e r v e d  a s  a  w a r n in g  t o  t h e  d i r e c t o r s  o f  
t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  when t h e y  came t o  p u t  
f o r w a r d  s i m i l a r  a r g u m e n t s .
I n  A u s t r a l i a ,  C h a r l e s  P o t t e r  h a d  d u r i n g  1904 beg u n  
l i t i g a t i o n  w i t h  t h e  B roken  H i l l  P r o p r i e t a r y  Company, 
a l l e g i n g  t h a t  D e l p r a t ' s  f l o t a t i o n  p r o c e s s  i n f r i n g e d  h i s  
p a t e n t s .  The c a s e  d ra g g e d  on f o r  t h r e e  y e a r s  and was 
e v e n t u a l l y  s e t t l e d  by  a  compromise  and a m a lg a m a t io n  o f  
t h e  p a t e n t  i n t e r e s t s .  D u r in g  t h i s  t im e  A ugus te  de "Bavay 
b e g a n  l i t i g a t i o n  t o  oppose  t h e  g r a n t i n g  of  an  A u s t r a l i a n  
p a t e n t  t o  A . P . S .  M a c q u i s t e n  f o r  a  w h o l l y  new m ethod  o f  
f l o t a t i o n .  A r t h u r  P e n r h y n  S t a n l e y  M a c q u i s t e n  of  Glasgow, 
S c o t l a n d ,  h a d  a p p l i e d  f o r  a  B r i t i s h  p a t e n t  i n  November 
1904 , n o .  25 , 204 , w h ich  d e s c r i b e d  t h e  a p p a r a t u s  shown 
i n  F i g u r e  2 7 .  I t  e x p l o i t e d  s u r f a c e  t e n s i o n  by  f e e d i n g  
a  s l i g h t l y  a c i d  o re  p u l p  i n t o  a  s l o w l y  r e v o l v i n g  
h o r i z o n t a l  o r  s l i g h l y  i n c l i n e d  c y l i n d e r ,  t h e  i n t e r n a l  
s u r f a c e  o f  w h ich  was h e l i c a l l y  c o r r u g a t e d .  T h i s  
c y l i n d e r  was p a r t l y  f i l l e d  w i t h  p u l p  by im m e rs in g  one 
end i n  a  t a n k ,  and by  i t s  r o t a t i o n  p a r t i c l e s  o f  m i n e r a l  
were  r a i s e d  t h r o u g h  t h e  s u r f a c e  o f  t h e  w a t e r  where  t h e y  
r e m a in e d  w h i l e  t h e  w a s t e  s a n k .  At t h e  d i s c h a r g e  end o f  
t h e  t u b e  t h e  m i n e r a l  was c a r e f u l l y  p a s s e d  o u t  on t o  t h e  
s u r f a c e  o f  a  s e t t l i n g  t a n k  from w h ich  t h e  w a s t e  was 
rem oved .  T hese  t u b e s  were  i n t e n d e d  t o  be m oun ted  i n  
g r o u p s  t o  c o u n t e r  t h e i r  r e l a t i v e l y  low i n d i v i d u a l  
c a p a c i t y .
CONCENTRA* E
TAlUWG
F I & .  2 - 7
t h e  MACQOlSTEN^ j r y ^
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A p l a n t  o f  100 t o n s  d a i l y  c a p a c i t y  c o n t a i n i n g  100 
t u b e s  was b u i l t  t o  t r e a t  c o p p e r  o re  a t  t h e  A d e l a i d e  
m i l l  i n  N ev ad a .  T h i s  gave r e s a o n a b l e  r e s u l t s  b u t  h a d  
d i f f t t i c l t y  i n  h a n d l i n g  s l i m e s .  The c a s t  i r o n  t u b e s  were 
s i x  f e e t  l o n g  and o f  t w e l v e  i n c h e s  i n t e r n a l  d i a m e t e r .
The i n t e r i o r  was c a s t  w i t h  a  h e l i c a l  g ro ve  o f  l i - i n c h  
p i t c h  and t h e  t u b e s  r o t a t e d  a t  a b o u t  50 r e v o l u t i o n s  
p e r  m i n u t e .  The lo w e r  end o f  e a c h  t u b e  was c l o s e d  save  
f o r  a  f e e d  p i p e ,  and t h e  p u l p  was sc re w e d  t h r o u g h  i t s  
l e n g t h  and g i v e n  c o n t i n u o u s  o p p o r t u n i t y  t o  s l i d e  
t h r o u g h  t h e  s u r f a c e  and be  f l o a t e d  on e x p o s u r e  t o  a i r .
At t h e  d i s c h a r g e  end t h e  w a t e r  s u r f a c e  was c o v e r e d  
w i t h  a  b r i g h t  f i l m  o f  s u l p h i d e s  a s  i f  s p r i n k l e d  w i t h  
b r o n z e  p o w d e r .  L a t e r  a p p l i c a t i o n s  o f  l e a d  o r e s  gave  a  
f i l m  o f  b r i g h t  s i l v e r - g r e y  g a l e n a ,  w h i l e  z i n c  was 
r e c o v e r e d  a s  a  f i l m  o f  m u s t a r d  y e l l o w  b l e n d e  i n  M o n t a t a .  
T hese  f i l m s  were v e r y  d i f f e r e n t  from t h e  f r o t h s  and 
o i l y  scums o f  o t h e r  p r o c e s s e s . ^
A ugus te  de Bavay opposed  t h e  g r a n t i n g  o f  an 
A u s t r a l i a n  p a t e n t  t o  M a c q u i s t e n  on t h e  g ro u n d s  t h a t  
a l t h o u g h  t h e  a p p a r a t u s  was d i f f e r e n t ,  t h e  b a s i s  o f  t h e  
p r o c e s s  h a d  b e e n  a n t i c i p a t e d  by  de Bavay*s  own p a t e n t s .  
E x p e r t  w i t n e s s e s  were h e a r d  i n  s u p p o r t  o f  b o t h  p a r t i e s ,  
and i n  J a n u a r y  1907 judgem en t  was g i v e n  i n  f a v o u r  of 
M a c q u i s t e n  and h i s  p a t e n t  g r a n t e d .  Only one month 
l a t e r  G u i l la u m e  D e l p r a t  was more s u c c e s s f u l  i n  s temming 
t h e  l e n g t h y  l e g a l  c h a l l e n g e  from C h a r l e s  P o t t e r  when 
P o t t e r ' s  p a t e n t  was d e c l a r e d  i n v a l i d .  Am algam at ion  o f
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t h e  P o t t e r  and D e l p r a t  p a t e n t s  p r e v e n t e d  an a p p e a l ,  b u t  
by  t h e n  new and more b i t t e r  l i t i g a t i o n  h a d  b r o k e n  ou t  
i n  E n g l a n d .
The company owning t h e  Elmore  p a t e n t s  h a d  b e e n  
r e o r g a n i s e d  a s  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  (1905)  
L t d .  and one o f  i t s  f i r s t  a c t s  was t o  commence 
l i t i g a t i o n  a g a i n s t  J o h n  B a l l o t ,  W.W. W eb s te r  and o t h e r s  
o f  t h e  s y n d i c a t e  t h a t  became M i n e r a l s  S e p a r a t i o n  L t d .
A s u i t  i n  t h e  K in g s  Bench D i v i s i o n  o f  t h e  High  C our t  
a l l e g e d  t h a t  members o f  t h e  B a l l o t  s y n d i c a t e  h a d  b r o k e n  
t h e  c o n t r a c t  u n d e r  w h ich  t h e y  h a d  b e e n  g r a n t e d  a  s i x  
month o p t i o n  o f  t h e  A u s t r a l i a n  r i g h t s  t o  t h e  o r i g i n a l  
E lmore  o i l  p r o c e s s  i n  O c to b e r  1901.  The s y n d i c a t e  had  
engaged  Sulman and P i c a r d  t o  r e p o r t  on t h e  p r o c e s s  and 
u n d e r  c l a u s e  s e v e n  o f  t h e  c o n t r a c t  t h e  Ore C o n c e n t r a t i o n  
S y n d i c a t e  was e n t i t l e d  t o  t h e  b e n e f i t  of  any im provem ent  
made i n  t h e  c o u r s e  o f  i t s  e x a m i n a t i o n  o r  u s e .  They d i d  
n o t  r e p o r t  f a v o u r a b l y  and t h e  B a l l o t  s y n d i c a t e  d i d  n o t  
e x t e n d  i t s  o p t i o n ,  i n s t e a d  t a k i n g  an i n t e r e s t  i n  t h e  
C a t t e r m o l e  g r a n u l a t i o n  p r o c e s s .
When by  1905 t h e  r e s u l t i n g  M i n e r a l s  S e p a r a t i o n  
p r o c e s s  was a b o u t  t o  be l a u n c h e d  on t h e  w o r l d ,  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  sued  f o r  damages,  c l a i m i n g  t h a t  
u n d e r  c l a u s e  s e v e n  much o f  t h e  r e s e a r c h  c a r r i e d  o u t  by  
Sulman and  P i c a r d  and o t h e r s  s h o u l d  h av e  b e e n  p a s s e d  t o  
t h e  s y n d i c a t e  s i n c e  i t  o r i g i n a t e d  from t h e  o b s e r v a t i o n  
of  t h e  E lm ore  p r o c e s s  a t  t h e  London t e s t i n g  w o r k s .
The c a s e  v^as h e a r d  b e f o r e  Mr J u s t i c e  D a r l i n g  who, a f t e r
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h e a r i n g  e v i d e n c e  on t h e  n e g o t i a t i o n s  p r o c e e d i n g  t h e  
o p t i o n  c o n t r a c t ,  d e c i d e d  t h a t  ' t h e  p a r t i c u l a r  c l a u s e  
h a d  b e e n  i n t r o d u c e d  i n t o  t h e  c o n t r a c t  w i t h o u t  a u t h o r i t y  
a f t e r  i t  h a d  b e e n  s i g n e d ,  s e a l e d  and d e l i v e r e d  by  b o t h  
p a r t i e s ,  and t h a t  t h e r e f o r e  t h e  Elmore  company was n o t  
e n t i t l e d  t o  any r e d r e s s ' .
The Ore C o n c e n t r a t i o n  S y n d i c a t e  a p p e a l e d  and t h i s  
d e c i s i o n  was s e t  a s i d e .  The c a s e  was h e a r d  a f r e s h  
b e f o r e  Mr J u s t i c e  P a r k e r  i n  t h e  C h a n ce ry  D i v i s i o n ,  and 
a r g u e d  i n  t e c h n i c a l  r a t h e r  t h a n  p u r e l y  c o n t r a c t u r a l  
t e r m s .  The Elmore  company b r o u g h t  e v i d e n c e  t o  show t h a t  
M i n e r a l s  S e p a r a t i o n  L t d .  h a d  d e v i s e d  v/hat was a t  h e a r t  
an o i l  f l o t a t i o n  p r o c e s s  s i m i l a r  t o  t h e  E lmore  p r o c e s s  
and t h a t  i t  s h o u l d  r i g h t l y  b e l o n g  t o  t h e  Ore Concen­
t r a t i o n  S y n d i c a t e  u n d e r  c l a u s e  s e v e n  of  t h e  1901 
c o n t r a c t .  They a s s e r t e d  t h a t  i t s  d e v e lo p m e n t  would have  
b e e n  i m p o s s i b l e  w i t h o u t  t h e  knowledge  g a i n e d  from f r e e  
a c c e s s  t o  t h e  E lm o r e s '  t e s t i n g  p l a n t .
C o un se l  f o r  B a l l o t  and W eb s te r  c o u n t e r e d  t h i s  
a rgum ent  w i t h  e v id e n c e  t h a t  t h e y  t h e m s e l v e s  h a d  n e v e r  
owned any o f  t h e  p a t e n t s  f i l e d  by  Sulman and P i c a r d  
s u p p o s e d l y  a s  a  r e s u l t  o f  t h e i r  knowledge  o f  t h e  E lmore  
p r o c e s s .  T hese  p a t e n t s  h a d  r a t h e r  b e e n  b o u g h t  from t h e  
m e t a l l u r g i s t s  by  a  t r u s t e e  o f  t h e  s y n d i c a t e  which  h a d  
e n t e r e d  i n t o  an a g re e m e n t  w i t h  t h e  Elmore company, and 
were l a t e r  s o l d  t o  i t s  s u c c e s s o r .  M i n e r a l s  S e p a r a t i o n  
L t d .  Thus t h e  t e c h n i c a l  a rg u m e n t s  were c i r c u m v e n t e d  
s i n c e  B a l l o t ,  W ebs te r  and t h e i r  a s s o c i a t e s  h a d  e n t e r e d
- 1 5 8 -
i n t o  t h e  1901 c o n t r a c t  a s  members o f  t h e  o r i g i n a l  
p r i v a t e  s y n d i c a t e ,  n o t  a s  o f f i c e r s  o f  t h e  a s  y e t  
u n fo rm ed  M i n e r a l s  S e p a r a t i o n  company.
As S t a n l e y  E lm ore  w ro te  some y e a r s  l a t e r ,  a f t e r  
h e a r i n g  t h e  c a s e  f o r  s e v e r a l  days  Mr J u s t i c e  P a r k e r  
' r a i s e d  t h e  q u e s t i o n  as  t o  what  t h e  p o s i t i o n  would  be 
i f  B a l l o t  h a d  "made o r  become e n t i t l e d  t o  t h e  im p r o v e ­
m en ts  t o  t h e  s a i d  i n v e n t i o n " ,  n o t  on h i s  own b e h a l f ,  
b u t  on b e h a l f  o f  t h e  s y n d i c a t e  o f  w h ich  he was a  
m e m b e r ' .  At t h i s  ' t h e  p a r t i e s  t o  t h e  s u i t  c o n s u l t e d  and 
t h e  a c t i o n  was " s e t t l e d  by c o n s e n t  and by  way o f  
compromise and s e t t l e m e n t  o f  a l l  c l a i m s  a r i s i n g  i n  
r e s p e c t  o f  t h e  a g re em e n t  of  O c to b e r  8 t h ,  1901,  b o t h  
p a s t  and f u t u r e ,  a l l  p r o c e e d i n g s  s t a y e d "  e a c h  p a r t y  
p a y i n g  h i s  own c o s t s ' .  The o p t i o n  a g re e m e n t  was h e n c e ­
f o r t h  t o  be  t r e a t e d  a s  i f  t h e  c l a u s e  i n  q u e s t i o n  were  
s t r u c k  o u t  a l t o g e t h e r .
A l th o u g h  T h eo d o re  Hoover o f  M i n e r a l s  S e p a r a t i o n  
l a t e r  commented t h a t  ' t h e  r e s u l t  o f  t h i s  p i e c e  of  
l i t i g a t i o n  l e a v e s  t h e  i m p r e s s i o n  t h a t  i t  was u n n e c e s s a r y  
and  w a s t e f u l ' , ^  S t a n l e y  E lmore  r e g a r d e d  i t  a s  ' s h o w in g  
how e x t r e m e l y  d i f f i c u l t  i t  i s  f o r  an i n v e n t o r  t o  
p r o t e c t  h i m s e l f . He added  w i t h  some e x a s p e r a t i o n  t h a t  
' t h e  c l a u s e  was drawn up by one o f  t h e  b e s t  l e g a l  f i r m s  
i n  t h e  c o u n t r y ,  and I  b e l i e v e  t h e  r e a l  m ean ing  and 
i n t e n t i o n  o f  i t  i s  p e r f e c t l y  c l e a r  t o  t h e  o r d i n a r y  
b u s i n e s s  man.  Ye t  i t  t o o k  f i v e  j u d g e s ,  t h r e e  c o u r t s ,  
t w e l v e  l e a r n e d  c o u n s e l ,  and f o u r  f i r m s  o f  s o l i c i t o r s
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t o  b r i n g  a b o u t  t h i s  s e t t l e m e n t * .
W hile  t h i s  c a s e  was w o rk in g  i t s  way t h r o u g h  t h e  
s e v e r a l  c o u r t s ,  a  f u r t h e r  s u i t  was c o n t i n u i n g  b e tw e e n  
t h e  E lm o res  and M i n e r a l s  S e p a r a t i o n  L t d .  i n  Germany.
I n  1906 t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  o pposed  t h e  
g r a n t i n g  o f  a  German p a t e n t  t o  Sulman,  P i c a r d  and 
B a l l o t  w h ich  c o n t a i n e d  t h e  s u b s t a n c e  o f  t h e i r  B r i t i s h  
p a t e n t s  p r o t e c t i n g  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s .
The p a t e n t  was g r a n t e d ,  b u t  t h e  E lmore  company a p p e a l e d  
on t h e  b a s i s  o f  t h e  c l a im  i n  t h e i r  p r i o r  German p a t e n t  
t h a t  d e s c r i b e d  a  ' p r o c e s s  f o r  t h e  s e p a r a t i o n  o f  t h e  
m e t a l l i c  f rom t h e  m i n e r a l  c o n s t i t u e n t s  o f  p u l v e r i s e d  
o re  by m ix in g  t h e  l a t t e r  w i t h  w a t e r  and o i l ,  c h a r a c t e r ­
i s e d  by t h e  a d d i t i o n  t o  t h e  p u l v e r i s e d  o re  o f  w a t e r  i n  
a t  l e a s t  su c h  s u a n t i t y t h a t  t h e  m i x t u r e  becomes v e r y  
m o b i l e ,  and t h e  p u l v e r i s e d  o re  i s  f r e e l y  s u s p e n d e d  i n
g
w a t e r ' .  A d e c i s i o n  was f i n a l l y  r e a c h e d  i n  1909 when 
t h e  German p a t e n t  o f f i c e  a g r e e d  t h a t  t h e  M i n e r a l s  
S e p a r a t i o n  a p p l i c a t i o n  d i s c l o s e d  no new f e a t u r e  t o  
d i f f e r e n t i a t e  i t  from t h e  E lm ore  p a t e n t  and so  r e f u s e d  
t h e  a p p l i c a t i o n ,  u p h o l d i n g  t h e  v a l i d i t y  o f  t h e  Elmore 
p a t e n t .
I n  v iew  o f  t h i s  d e c i s i o n  t h e  Ore C o n c e n t r a t i o n  
S y n d i c a t e  l a u n c h e d  p r o c e e d i n g s  i n  Bermany d u r i n g  1910 
c l a i m i n g  damages a g a i n s t  s e v e r a l  com panies  b e c a u s e  t h e y  
h a d  i m p o r t e d  c o n c e n t r a t e s  p r o d u c e d  i n  A u s t r a l i a  by 
m ethods  t h a t  i n f r i n g e d  t h e  E l m o r e s '  German p a t e n t s ,  
an o f f e n c e  u n d e r  German l a w .  The c a s e  was o f  g r e a t
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c o m p l e x i t y ,  r e q u i r i n g  t h a t  p a r t i c u l a r  s a m p le s  of  
c o n c e n t r a t e  s h o u l d  be i d e n t i f i e d  and t h e i r  m ethod  o f  
t r e a t m e n t  and o w n e r sh ip  c a r e f u l l y  e s t a b l i s h e d .  I t  was 
n e v e r  b r o u g h t  t o  any c o n c l u s i o n ,  b e i n g  f i n a l l y  l o s t  
w i t h  t h e  o u t b r e a k  of  w a r .
T h ese  s u i t s  c o n t i n u e d  w h i l e  a  much g r e a t e r  b a t t l e  
was f o u g h t  i n  t h e  C hance ry  D i v i s i o n  o f  t h e  High  C o u r t  
i n  London where t h e  Elmore  and M i n e r a l s  S e p a r a t i o n  
p a t e n t s  came i n t o  d i r e c t  c o n f l i c t .  On Wednesday 10 
F e b r u a r y  1907 t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  b e g an  an 
a c t i o n  a g a i n s t  M i n e r a l s  S e p a r a t i o n  L t d .  a l l e g i n g  t h a t  
B r i t i s h  p a t e n t  n o .  7 ,8 0 3  of  1905 g r a n t e d  t o  Sulman,  
P i c a r d  and B a l l o t  i n f r i n g e d  F r a n k  E l m o r e ' s  B r i t i s h  
p a t e n t  n o .  2 1 ,9 4 8  o f  1898, t h e  o r i g i n a l  o i l  c o n c e n -
Q
t r a t i o n  p a t e n t .  On 30 J u l y  t h e y  e x t e n d e d  t h é i r  a c t i o n
t o  i n c l u d e  S t a n l e y  E l m o r e ' s  a c i d  p a t e n t ,  n o .  6 ,5 1 9  of
1901.  I n  d e f e n c e  M i n e r a l s  S e p a r a t i o n  c h a l l e n g e d  t h e
v a l i d i t y  o f  t h e s e  p a t e n t s  p r i n c i p a l l y  on t h e  g r o u n d s
of p r i o r  p u b l i c a t i o n ,  c i t i n g  t h e  p a t e n t s  o f  W il l ia m
H aynes ,  J o s e p h  S u t t o n ,  Jo h n  T u n b r i d g e ,  C a r r i e  E v e r s o n ,
and Robson  and C rowder .
The c a s e  came b e f o r e  t h e  C o u r t  o f  C h a n ce ry  on F r i d a y
10 J u l y  1908, and h e a r i n g s  c o n t i n u e d  from Monday t o
S a t u r d a y  o f  t h e  f o l l o w i n g  week,  13 t o  18 J u l y ,  b e f o r e
1 0S i r  R a lp h  N e v i l l e .  He was t h e  son  of  a  s u r g e o n ,  
e d u c a t e d  a t  T o n b r id g e  s c h o o l  and Cambridge b e f o r e  b e i n g  
c a l l e d  t o  t h e  b a r  i n  1872.  T a k in g  s i l k  a s  a  Q.C. e l e v e n  
y e a r s  l a t e r ,  he  v/as a p p o i n t e d  a  ju d g e  of  t h e  High  C o u r t
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11and k n i g h t e d  i n  1906,  A p p e a r in g  f o r  t h e  Elmore
s y n d i c a t e  were  A r t h u r  James W a l t e r  K .C . ,  H.A. C o l e f a x
and  J o h n  M eir  A s th u r y  K.C, C o le f a x  was a  Y o rk s h i r e m a n
who h a d  g r a d u a t e d  from O xfo rd  i n  1888 w i t h  a  f i r s t  i n
1 ?N a t u r a l  S c i e n c e s  a f t e r  s p e c i a l i s i n g  i n  c h e m i s t r y .
A s th u r y  was a p p o i n t e d  a  ju d g e  of  t h e  C h an ce ry  D i v i s i o n
i n  1913; h i s  most  famous d e c i s i o n  was t h a t ' o f  1926 by
w hich  he  e f f e c t i v e l y  d e c l a r e d  t h e  g e n e r a l  s t r i k e  t o  be 
1 3i l l e g a l .  L e a d in g  c o u n s e l  f o r  M i n e r a l s  S e p a r a t i o n  L t d .  
was W il l i a m  R o b e r t  B o u s f i e l d  K .C . ,  who h a d  l e c t u r e d  on 
e n g i n e e r i n g  a t  B r i s t o l  C o l l e g e  f o r  some y e a r s  b e f o r e  
b e i n g  c a l l e d  t o  t h e  b a r  i n  1880 .  He was s u p p o r t e d  by 
a  s e c o n d  K . C . ,  Thomas T e r r e l l ,  who was a  n o t e d  a u t h o r i t y  
on p a t e n t  law ;  i n  1884 he h a d  p u b l i s h e d  a  book  e n t i t l e d  
T e r r e l l  on P a t e n t s  which  became a  s t a n d a r d  work o f  
r e f e r e n c e  and saw many e d i t i o n s .  A lso  a p p e a r i n g  was 
J o h n  W i l l i a m  Gordon who h ad  a s s i s t e d  i n  t h e  d r a f t i n g  
o f  t h e  P a t e n t  Act o f  1 9 0 7 .^ ^
A s tb u r y  opened  f o r  t h e  E lmore  s y n d i c a t e ,  g i v i n g  a 
r e v i e w  o f  t h e  p r e h i s t o r y  of  f l o t a t i o n  which  t o u c h e d  on 
w i t h o u t  naming  i n d i v i d u a l  p a t e n t s  c i t e d  a s  e x am p le s  o f  
p r i o r  p u b l i c a t i o n .  He c h a r a c t e r i s e d  t h e  E lmore  p r o c e s s  
a s  ' t h e  m e c h a n i c a l  s e p a r a t i o n  of  o r e s  by  t h e  u se  of  o i l  
a s  a  s e l e c t i v e  a g e n t ' ,  w i t h  t h e  a d d i t i o n  of  t h e  o i l  i n t o  
a  f r e e l y  f l o w i n g  p u l p  and t h e  form o f  a p p a r a t u s  d e s i g n e d  
t o  p e r m i t  c o n t i n u o u s  o p e r a t i o n  m aking i t  i n d e p e n d e n t  o f  
any o f  t h e  p r e v i o u s  u n s u c c e s s f u l  p r o c e s s e s .  He t h u s  saw 
t h e  1898 p a t e n t  t o  be v a l i d  and t o  have  b e e n  i n f r i n g e d
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by M i n e r a l s  S e p a r a t i o n  s i n c e :
t h e  p a t e n t e e  g i v e s  one method  o f  m ix in g  t h e  o re  w i t h  
o i l  a s  an  ex am p le ,  b u t  any m ethod  o f  m ix in g  so t h a t  
t h e  o i l  i s  b r o u g h t  i n t o  c o n t a c t  w i t h  t h e  m e t a l l i c  
p o r t i o n  o f  t h e  o re  would be p a r t  o f  t h e  p a t e n t e d  
p r o c e s s  . . .  So l o n g  as  t h e r e  i s  f l o t a t i o n  i t  does  
n o t  m a t t e r  by  what means t h a t  f l o t a t i o n  i s  o b t a i n e d .
T h a t  l a s t  s e n t e n c e  was o f  c r u c i a l  i m p o r t a n c e  t o  t h e  
a rg u m e n t ,  e s t a b l i s h i n g  t h e  wide scop e  t h a t  t h e  E lm o res  
s o u g h t  t o  p l a c e  upon t h e  1898 p a t e n t .  T h e re  c o u ld  be 
l i t t l e  d i f f i c u l t y  i n  i n t e r p r e t i n g  t h e  1901 p a t e n t  which  
' c l a i m s  t o  p r o m is e  c e r t a i n t y  of  a c t i o n  by  a d d in g  a  
l i t t l e  a c i d ' . On t h e  q u e s t i o n  o f  i n f r i n g e m e n t :
t h e  d e f e n d a n t s  g e t  a  f r e e l y  f l o w i n g  p u l p  a c i d i f i e d ,  
and t h e n  d rop  i n  s u f f i c i e n t  o i l  t o  o i l  t h e  whole  of  
t h e  m e t a l l i c  c o n t e n t s  o f  t h e  ore  . . . H av ing  
g r e a s e d  t h e  m e t a l  t h e y  g e t  f l o t a t i o n ,  and  a r e  t h e n  
a b l e  t o  skim i t  o f f .  The f l o t a t i o n  i s  o b t a i n e d  by 
t h e  ' o i l e d  n e e d l e ' a c t i o n ,  a s s i s t e d  by an u p c a s t  
o f  w a t e r  . . .
T h i s  A s tb u r y  saw as  a  c l e a r  i n f r i n g e m e n t  o f  t h e  1898 
p a t e n t  b e c a u s e  M i n e r a l s  S e p a r a t i o n  was ' t a k i n g  t h e  p i t h  
and marrow o f  i t ' .  F u r t h e r :
t h e  p l a i n t i f f s '  p r o c e s s  i s  n o t h i n g  more or l e s s  t h a n  
u s i n g  o i l  i n  such  a  way t h a t  i t  w i l l  g r e a s e  t h e
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m i n e r a l  i n  t h e  f l o w i n g  p u l p ;  t h e  word  u se d  i n  t h e  
c la im  i  ' e n t r a p ' ,  and  i t  c a n n o t  e n t r a p  u n l e s s  i t  
g r e a s e s  t h e  w h o le .  T h i s  t h e  d e f e n d a n t s  do ,  h u t  owing 
t o  t h e  f a c t  t h a t  t h e y  u se  l e s s  o i l  t h a n  t h e  
p l a i n t i f f s ,  t h e y  have  t o  a d o p t  e l a b o r a t e  means t o  
s e c u r e  f l o t a t i o n .  As r e g a r d s  t h e  1901 p a t e n t ,  t h e  
d e f e n d a n t s  u se  t h e  a c i d  i n  t h e  e x a c t  same way t h a t  
t h e  p a t e n t e e  d e s c r i b e s .
On t h i s  l a s t  p o i n t  a t  l e a s t  t h e r e  c o u l d  be no a rg u m e n t .  
The o n ly  d e f e n c e  was t o  c l a im  p r i o r  p u b l i c a t i o n  and 
t h u s  t h e  i n v a l i d i t y  o f  S t a n l e y  E l m o r e ' s  a c i d  p a t e n t .
The p o s i t i o n  w i t h  r e g a r d  t o  t h e  1898 p a t e n t  was not  so  
s i m p l e .  J o h n  A s tb u r y  c l a im e d  t h a t  a l t h o u g h  i t  s p e c i f i c ­
a l l y  d e s c r i b e d  t h e  a p p a r a t u s  u se d  a t  G l a s d i r ,  i t  
encom passed  a l l  u se  o f  o i l  t o  r e c o v e r  m i n e r a l s  from 
t h e i r  o r e s .  T h i s  b r o a d  i n t e r p r e t a t i o n  l e f t  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  d a n g e r o u s l y  e x p o sed  t o  a  
c h a l l e n g e  o f  i n s u f f i c i e n c y ,  t h e  p a t e n t  n o t  d e s c r i b i n g  
t h e  wide monopoly  b e i n g  c l a i m e d .
W il l ia m  B o u s f i e l d ,  o p e n in g  f o r  M i n e r a l s  S e p a r a t i o n ,  
l a u n c h e d  an a g g r e s s i v e  d e f e n c e ,  a s s e r t i n g  t h a t ;
w i t h  r e g a r d  t o  t h e  1898 p a t e n t  t h e  p a t e n t e e  c l a i m s  
a  p a r t i c u l a r  c o m b i n a t i o n  c o n s i s t i n g  o f  a  number o f  
d e f i n i t e  e l e m e n t s .  The d e f e n d a n t s '  p r o c e s s  i s  
t o t a l l y  d i f f e r e n t  from any which  i s  d e s c r i b e d  i n  
t h a t  s p e c i f i c a t i o n .  The two p r o c e s s e s  h ave  n o t h i n g  
i n  common e x c e p t  t h e  f a c t s  t h a t  a  l a r g e  q u a n t i t y  o f
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w a t e r  i s  u s e d  and t h a t  t h e  w a t e r  i s  added  t o  t h e  
o r e  b e f o r e  t h e  o i l .  The p a t e n t e e  had  c la im e d  an 
e x t r e m e l y  l i m i t e d  and n a r ro w  c o m b i n a t i o n  i n  v iew  of 
h i s  know ledge  o f  what E v e r s o n ,  Robson  and Crowder ,  
and  o t h e r s  h a d  done b e f o r e ,  and t h e  q u e s t i o n  i s  
w h e t h e r  t h a t  n a r ro w  c o n s t r u c t i o n  i s  i n f r i n g e d .
H a v in g  o u t l i n e d  h i s  t w i n  a t t a c k  o f  p r i o r  p u b l i c a t i o n ,  
and i n s u f f i c i e n t  and n a r ro w  c o n s t r u c t i o n ,  B o u s f i e l d  
o f f e r e d  a  c a t a l o g u e  o f  p r i o r  knowledge  t h a t  a lm o s t  
s u g g e s t s  F r a n k  Elmore s h o u l d  have  h a d  l i t t l e  t r o u b l e  
i n  a p p l y i n g  f l o t a t i o n  a t  G l a s d i r .  He added t h a t :
t h e  p a t e n t e e  o n ly  c l a i m s  t o  have  p u t  t o g e t h e r  i n  a  
d i f f e r e n t  way e l e m e n t s  o f  a  p r o c e s s  which  e l e m e n t s  
s e p a r a t e l y  h ave  b e e n  u s e d  b e f o r e .  C l a s s i f y i n g  
p a t e n t s  a s  p a t e n t s  f o r  a  gen us  and p a t e n t s  f o r  a  
s p e c i e s ,  t h i s  i s  a  p a t e n t  f o r  a  s p e c i e s .  The gen us  
b e i n g  t h e  c o n c e n t r a t i o n  by  t h e  s e l e c t i v e  a c t i o n  o f  
o i l ,  t h e  s p e c i e s  c l a im e d  i s  t h e  p a r t i c u l a r  mode of  
u t i l i s i n g  t h a t  s e l e c t i v e  a c t i o n  by  a  d e f i n e d  p r o c e s s ,
T h i s  d i r e c t l y  c h a l l e n g e d  t h e  Ore C o n c e n t r a t i o n  
S y n d i c a t e ' s  c l a im  t h a t  t h e  1898 p a t e n t  c o v e re d  a l l  u s e s  
o f  o i l ;  i n  t h e s e  t e r m s  t h e y  h a d  c l a im e d  i t  p r o t e c t e d  
t h e  g e n u s ,  w h i l e  B o u s f i e l d  m a i n t a i n e d  i t  d i d  n o t  e x t e n d  
b e y o nd  t h e  p a r t i c u l a r  c o m b i n a t i o n  of  m a c h i n e r y .  The u se  
o f  o i l  i t s e l f  was i n s u f f i c i e n t  t o  s u p p o r t  a  c l a im  of  
i n f r i n g e m e n t  s i n c e  t h i c k  o i l  was n e e d e d  f o r  t h e  Elmore
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p r o c e s s  w h i l e  t h e  d e f e n d a n t s  u s e d  t h i n  o i l #  B o u s f i e l d  
made a  s i m i l a r  c h a l l e n g e  t o  S t a n l e y  E l m o r e ' s  a c i d  
p a t e n t  w hich  made a  b r o a d  c la im  f o r  ' t h e  u se  of  a  
p r o p o r t i o n  o f  a c i d  i n  c o n j u n c t i o n  w i t h  w a t e r  and o i l ' . 
Such a  b r o a d  i n t e r p r e t a t i o n  h a d  c l e a r l y  b e e n  a n t i c i p a t e d  
b y  C a r r i e  E v e r s o n ' s  p a t e n t ,  w h e re a s  ' i f  t h e  p a t e n t  
r e l a t e s  o n ly  t o  t h e  u se  o f  a c i d  i n  t h e  p r o c e s s  c l a im e d  
i n  t h e  1898 p a t e n t ,  t h e  d e f e n d a n t s  h ave  n o t  i n f r i n g e d  
t h a t  p a t e n t  and c o n s e q u e n t l y  h ave  n o t  i n f r i n g e d  t h e  
1901 p a t e n t ' .
R e p l y i n g  f o r  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e ,  Jo h n  
A s t b u r y  made c l e a r  t h a t  i n  h i s  v i e w  t h e  1901 p a t e n t  
' c o v e r s  a l l  p r o c e s s e s  i n  w h ich  t h e  s e l e c t i v e  a c t i o n  
o f  o i l  i s  e x e r c i s e d  on o re  i n  t h e  p r e s e n c e  o f  a  l a r g e  
vo lume o f  w a t e r ' and ' t h o s e  c o n d i t i o n s  a r e  p r e s e n t  i n  
t h e  d e f e n d a n t s '  p r o c e s s ' #  W ith  r e g a r d  t o  F r a n k  E l m o r e ' s  
o r i g i n a l  p a t e n t ,  he  saw:
n o t h i n g  i n  H a y n e s '  o r  i n  E v e r s o n ' s  s p e c i f i c a t i o n  
w h ich  t e a c h e s  you t h a t ,  i f  you p u t  a  l a r g e  q u a n t i t y  
o r  a  s m a l l  q u a n t i t y  o f  o i l  i n t o  a  f l o w i n g  p u l p  o f  
w a t e r  and  o r e ,  you w i l l  g r e a s e  t h e  m e t a l  and  n o t  
t h e  g a n g u e .  The p a t e n t e e  h a s  d i s c o v e r e d  a  p r i n c i p l e  
and  i n v e n t e d  a  p r a c t i c a l  means o f  c a r r y i n g  i t  o u t  
and  he i s  e n t i t l e d  t o  p r o t e c t i o n  from a l l  o t h e r  
modes o f  c a r r y i n g  t h a t  p r i n c i p l e  i n t o  e f f e c t .
On t h e s e  g r o u n d s  A s tb u r y  s u b m i t t e d  t h a t  b o t h  p a t e n t s  
were  v a l i d  and h a d  b o t h  b e e n  i n f r i n g e d .
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Mr J u s t i c e  N e v i l l e ,  h a v i n g  h a d  t h e  c a s e  b e f o r e  him 
f o r  ' a  c o n s i d e r a b l e  t i m e '  and ' h a v i n g  fo rm ed  a  d e f i n i t e  
c o n c l u s i o n ' , gave  judgem ent  a t  once ' r a t h e r  t h a n  w a i t  
t o  p u t  t h e  m a t t e r  i n  what m ig h t  be a  b e t t e r  and more 
f o r c i b l e  f o r m '  i n  a  w r i t t e n  j u d g e m e n t .  Commenting t h a t  
' t h e  i s s u e s  b e tw e e n  t h e  p a r t i e s  . . . seem t o  me t o  l i e  
i n  a  s m a l l  c o m p a s s ' ,  N e v i l l e  c o n c l u d e d  t h a t  F r a n k  
E lm ore  h a d  h a d  no i n t e n t i o n  o f  c l a i m i n g  t h e  d i s c o v e r y  
o f  t h e  s e l e c t i v e  a c t i o n  o f  o i l ,  r a t h e r  a  p r o c e s s  ' b y  
w h ich  he s e e k s ,  a s  o t h e r s  h a v e  s o u g h t ,  t o  t a k e  
a d v a n t a g e  of  t h a t  p h y s i c a l  l a w ' . To a p p ly  t h i s  p r o c e s s  
' h e  t e l l s  us e x a c t l y  what  i s  t o  be done i n  a l l  b u t  one 
p a r t i c u l a r ' ,  nam ely  'h e  does  n o t  p r e c i s e l y  i n d i c a t e  i n  
m ea su re  t h e  amount o f  o i l  w h ich  ough t  t o  be u s e d '  and 
a s  a  r e s u l t  i t  i s  c la im e d  t h a t  'w h e t h e r  you u s e  a  d rop  
o r  w h e th e r  you u s e  100 t o n s  o f  o i l  t o  a  t o n  o f  o r e ,  i t  
i s  e q u a l l y  w i t h i n  t h e  s p e c i f i c a t i o n ' .
V/hile i n  p r a c t i c e  t h e  amount u se d  would  be d e t e r m i n e d  
by  e x p e r i m e n t ,  a  s u f f i c i e n t  r e d u c t i o n  i n  t h e  amount 
t r a n s f o r m e d  t h e  n a t u r e  o f  t h e  p r o c e s s ,  t h e  o i l  i t s e l f  
b e i n g  no l o n g e r  s u f f i c i e n t  t o  e f f e c t  f l o t a t i o n .  Thus 
t h e  q u e s t i o n  was 'd o  t h e  d e f e n d a n t s  p r a c t i c a l l y  t a k e  
a d v a n ta g e  o f  t h e  p r o c e s s  d e s c r i b e d  by E lm o r e ? '  I f  s o ,  
t h e n  t h e  u s e  o f  a  d i f f e r e n t  a p p a r a t u s  was i m m a t e r i a l  
s i n c e  Elmore  m e r e ly  gave an example and i t  was t h e  
p r o c e s s  he h a d  p a t e n t e d .  N e v i l l e  d e c i d e d ,  h o w e v e r ,  t h a t  
t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  r e l i e d  f o r  i t s  e f f e c t  
n o t  on t h e  r e l a t i v e  a p e c i f i c  g r a v i t i e s  o f  o i l  and
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w a t e r ,  b u t  t h e  s u r f a c e  t e n s i o n  e f f e c t  o f  a i r  b u b b le s #  
T h i s  was s u p p o r t e d  by  E l m o r e ' s  u se  o f  t h i c k  o i l ,  w h ich  
c o u l d  n o t  be u s e d  i n  such  a  way as  M i n e r a l s  S e p a r a t i o n  
u s e d  t h e i r  t h i n  o i l #  T h e r e f o r e  he  f o u n d  t h a t  ' w i t h  
r e s p e c t  t o  t h e  1898 p a t e n t  t h e r e  h a s  b e e n  no 
i n f r i n g e m e n t  by what t h e  d e f e n d a n t s  have  b e e n  d o i n g ' #
By c o n t r a s t ,  N e v i l l e  f o u n d  S t a n l e y  E l m o r e ' s  a c i d  
p a t e n t  a  d i f f i c u l t  one t o  i n t e r p r e t .  I t  seemed t h a t  
' e i t h e r  i t  means what  you would im a g in e  from r e a d i n g  
t h e  p a r t s  o f  t h e  s p e c i f i c a t i o n  b e f o r e  you g e t  t o  t h e  
c l a i m s ,  t h a t  t h e  a d d i t i o n  o f  a c i d  i s  c o n f i n e d  t o  c a s e s  
o f  t h e  u se  of  t h e  p r o c e s s  p a t e n t e d  by ( F r a n k )  E lm ore  
. . .  or  t h e  c l a im  must  be t a k e n  i n  i t s  n a t u r a l  
s i g n i f i c a n c e ,  and would u n d o u b t e d l y  i n c l u d e  E v e r s o n ' s  
u s e  o f  a c i d  a s  w e l l  a s  t h e  u se  of  a c i d  i n  E l m o r e ' s  
f i r s t  p a t e n t .  I f  i t  d i d  s o ,  i t  c l e a r l y  would  be b a d .  
T h e r e f o r e ,  I  t h i n k ,  i n  t h e  v i e w  I  t a k e  of  t h i s  
s p e c i f i c a t i o n  t h a t  t h e  p l a i n t i f f s  a r e  on t h e  h o r n  of  
a  d i lem ma'  . I f  t h e i r  c la im  were  wide  enough f o r  t h e  
d e f e n d a n t s  t o  h av e  i n f r i n g e d  t h e n  i t  would have  b een  
a n t i c i p a t e d  by C a r r i e  E v e r s o n ' s  p a t e n t  and be  v a l i d .
I f  i t  were c o n f i n e d  t o  u s e  i n  r e l a t i o n  t o  t h e  1898 
p a t e n t  t h e r e  c o u ld  be no i n f r i n g e m e n t  s i n c e  M i n e r a l s  
S e p a r a t i o n  h a d  n o t  i n f r i n g e d  t h e  e a r l i e r  p a t e n t .  
N e v i l l e  t h u s  d i s m i s s e d  t h e  a c t i o n  w i t h  c o s t s  a g a i n s t  
t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e .
The Ore C o n c e n t r a t e  S y n d i c a t e  s w i f t l y  lo d g e d  an 
a p p e a l  w hich  was h e a r d  o v e r  s i x  days b e tw e e n  5 and 12
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November 1908 .  Judgem ent  was r e s e r v e d  and g i v e n  on 
2 D ecem ber .  S i t t i n g  i n  t h e  C o u r t  o f  Appeal  was t h e  
M a s t e r  o f  t h e  R o l l s ,  H e r b e r t  Hardy  C o z e n s -H a rd y ,  l a t e r  
B a ro n  C o z e n s -H a r d y , t h e n  s e v e n t y  y e a r s  o f  a g e .  He had  
b e e n  a  s u c c e s s f u l  C hance ry  b a r r i s t e r  and l i b e r a l  member 
o f  p a r l i a m e n t  b e f o r e  h i s  a p p o in t m e n t  a s  a  ju d g e  i n  1899.  
’K i n d l y  and c o u r t e o u s  t o  a l l ;  h i s  p o p u l a r i t y  w i t h  t h e  
p r a c t i s i n g  m em bers ’ o f  t h e  b a r  was g r e a t . S i t t i n g  
w i t h  him on t h i s  o c c a s i o n  were L o rd s  J u s t i c e  H a r w e l l  
and  H l e t c h e r  M o u l to n .  S i r  George H a r w e l l  was a  
d i s t i n g u i s h e d  ju d ge  whose m ost  famous d e c i s i o n  was 
t h a t  i n  f a v o u r  o f  t h e  T a f f  V a le  R a i lw a y  i n  i t s  d i s p u t e  
w i t h  t h e  Amalgamated S o c i e t y  o f  R a i lw a y  S e r v a n t s  i n  
1909 . ^^  J o h n  H l e t c h e r  M ou l ton  was t h e  son  o f  a  
W e s ly i a n  m i n i s t e r  and h a d  a  s c i e n t i f i c  b a c k g r o u n d  
w h ich  was s i g n i f i c a n t  i n  h i s  v ie w  of  t h e  a p p e a l .
I n  1861 he won a  s t u d e n t s h i p  a t  London U n i v e r s i t y  
and  was aw arded  a  f i r s t  c l a s s  d e g r e e  i n  m a t h e m a t i c s  
f o u r  y e a r s  l a t e r .  He was e l e c t e d  a  f e l l o w  o f  C h r i s t ’ s 
C o l l e g e ,  Cam bridge ,  and l a t e r  made a  H e l lo w  o f  t h e  
R o y a l  S o c i e t y  i n  r e c o g n i t i o n  of  r e s e a r c h e s  on 
e l e c t r i c i t y .  C a l l e d  t o  t h e  b a r  i n  1874, he q u i c k l y  
s p e c i a l i s e d  i n  p a t e n t  l i t i g a t i o n  where  h i s  t r a i n i n g  
p r o v e d  v a l u a b l e ,  f o r  ’ s c i e n t i f i c  f a c t s  and p r o b le m s  
w h ich  o t h e r s  h a d  t o  m a s t e r  l a b o r i o u s l y ,  p r e s e n t e d  no 
d i f f i c u l t i e s  t o  h i m ’ . He was engaged  t o  l e a d  i n  a lm o s t  
e v e r y  i m p o r t a n t  p a t e n t  c a s e  f o r  n e a r l y  t w e n t y  y e a r s  and 
’ t h e r e  were n o t  many b a r r i s t e r s  o f  h i s  t im e  who made a
—169—
h i g h e r  i n c o m e ’ . He was a l s o  a  l i b e r a l  member of  
p a r l i a m e n t  f o r  m ost  o f  t h i s  t i m e ,  and on t h e  r e t u r n  of  
a  l i b e r a l  g overnm en t  i n  1906 M ou l to n  was k n i g h t e d  and 
a p p o i n t e d  t o  t h e  C o u r t  o f  A p p e a l .  T h e r e  he  was ’ an 
o u t s t a n d i n g  f i g u r e ;  h i s  power o f  a s s i m i l a t i o n  was as  
g r e a t  a s  e v e r ’ , and he d e a l t  w i t h  complex  c o m m erc ia l  
c a s e s  ’ a s  i f  he  h a d  b e e n  a c c u s to m e d  t o  them a l l  h i s  
l i f e '
B o th  p a r t i e s  were  r e p r e s e n t e d  by  t h e  same c o u n s e l
18and s u b s t a n t i a l l y  t h e  same a rg u m e n ts  were p r e s e n t e d .  
L o rd  J u s t i c e  M oul ton  t o o k  a  p a r t i c u l a r  i n t e r e s t  i n  t h e  
t e c h n i c a l  a s p e c t s  o f  t h e  c a s e ,  o f t e n  q u e s t i o n i n g  
c o u n s e l  c l o s e l y .  J o h n  A s tb u r y  K.C. e x p l a i n e d  on b e h a l f  
o f  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  t h a t  v a r i o u s  fo rm s  
o f  f l o t a t i o n  were  p o s s i b l e  and o b s e r v e d  t h a t  p r e v i o u s l y  
Mr J u s t i c e  N e v i l l e  :
seems t o  have  assumed t h a t  our  i n v e n t i o n  e x t e n d e d  
o n ly  t o  t h e  example  g i v e n  i n  t h e  s p e c i f i c a t i o n  
( o f  1898) -  t h a t  i t  w as ,  i n  f a c t ,  m e r e ly  an 
i n v e n t i o n  f o r  a  p a r t i c u l a r  means o f  f l o t a t i o n .
Our i n v e n t i o n ,  h o w e v e r ,  r e l a t e s  t o  what  o c c u r s  
b e f o r e  you g e t  t o  t h e  s t a g e  o f  f l o t a t i o n ;  t h e  
i n v e n t i o n  i s  t h e  o i l i n g  o f  m e t a l l i c  p a r t i c l e s  i n  
a  g r e a t  f l o w  o f  w a t e r .
M oul ton  i n t e r r u p t e d  t o  a s ,  ’ I  ta lce i t  t h a t  y o u r  
i n v e n t i o n  i s  o i l i n g  i n  d i f f u s e d  s u s p e n s i o n  and a v a i l i n g  
y o u r s e l f  o f  t h e  c o n s e q u e n t  f l o t a t i o n  of  m e t a l l i c  as
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oppo sed  t o  m i n e r a l  p a r t i c l e s ’ • A s tb u r y  c o n c u r r e d ,  
a d d in g  t h a t  t h e  1901 p a t e n t  r e f e r r e d  t o  t h e  im prov ed  
r e c o v e r y  p o s s i b l e  by  t h e  use  of  a  s m a l l  amount o f  
a c i d ,  and e x p l a i n e d  t h a t :
i n  t h e  C o u r t  be low  t h e  d e f e n d a n t s ’ c a s e  was t h a t  
t h e  p l a i n t i f f s  u s e d  su c h  a  v e r y  g r e a t  amount o f  
o i l  and t h e  d e f e n d a n t s  so l i t t l e ,  t h a t  f l o t a t i o n  
was c a u s e d  by e n t i r e l y  d i f f e r e n t  m eans .
At t h i s  M ou l to n  commented t h a t ,  ’ i f  you o i l  a  t h i n g  i t  
f l o a t s  by i t s  g r e a s i n e s s .  You c a n n o t  s a y  t h a t  i t  f l o a t s  
f o r  one r e a s o n  o r  a n o t h e r  or by one m ethod or  a n o t h e r .  
I t  does  n o t  seem t o  me p o s s i b l e  t o  s a y  t h a t  t h e  g r e a s e d  
p a r t i c l e  f l o a t s  by r e a s o n  of  r a f t i n g ,  a e r a t i o n ,  o r  
s u r f a c e  t e n s i o n .  How can  you d i f f e r e n t i a t e ?  I t  w i l l  
f l o a t  a s  n a t u r e  i n t e n d e d  i t  t o ’ .
J o h n  B o u s f i e l d  f o l l o w e d  f o r  M i n e r a l s  S e p a r a t i o n ,  
r e s t a t i n g  t h e i r  c a s e  t h a t  t h e  1898 p a t e n t  c o u ld  o n ly  
c l a im  ’an  e x t r e m e l y  l i m i t e d  and n a r r o w  and a t  t h e  same 
t i m e  d e f i n i t e  and p a r t i c u l a r  c o m b i n a t i o n ’ , s i n c e :
a l l  t h e  p a t e n t e e  t h o u g h t  o f ,  when he  made h i s  
i n v e n t i o n ,  was t h e  a d d i t i o n  of  a  s u f f i c i e n t  amount 
o f  o i l  t o  a l l o w  i t  t o  c a r r y  by  i t s  s p e c i f i c  g r a v i t y  
p a r t i c l e s  o f  m e t a l .  V/hy s h o u l d  he be a l l o w e d  t o  u se  
t h e  v e r y  v a g u e n e s s  o f  h i s  d e s c r i p t i o n  t o  i n c l u d e  
s o m e th in g  t h a t  was n o t  i n  h i s  mind when he  made 
h i s  i n v e n t i o n ?
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M ou l ton  was n o t  i m p r e s s e d  by t h i s  a rg u m e n t ,  commenting 
o f  F r a n k  E l m o r e ’ s p a t e n t  t h a t  ’ t h e  f a c t  t h a t  he does  
n o t  s t a t e  t h e  l aw s  of  n a t u r e  i s  n o t  v a g u e n e s s ;  t h e  
o n l y  v a g u e n e s s  i n  t h e  s p e c i f i c a t i o n  would seem t o  be 
a s  t o  t h e  amount o f  o i l ,  b u t  as  I  u n d e r s t a n d  t h e  
p r o c e s s  i t  does  n o t  m a t t e r  i f  you s t a r t  w i t h  t o o  l i t t l e  
o i l ,  b e c a u s e  t h e  p r o c e s s  i s  r e p e a t e d  s e v e r a l  t i m e s  o v e r  
and  you can  make up any d e f i c i e n c y  o f  o i l  a t  t h e  s t a r t  
b y  a d d in g  some a f t e r w a r d s ’ .
B o u s f i e l d  made a  l e n g t h y  e x p l a n a t i o n  o f  how i n  h i s  
c l i e n t s ’ v i e w  t h e i r  p r o c e s s  d i f f e r e d  from t h a t  p a t e n t e d  
b y  F r a n k  E lm o r e ,  A r th u r  W a l t e r  r e p l i e d  f o r  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e ,  s u g g e s t i n g  t h a t  i n f r i n g e m e n t  
was a  ’ q u e s t i o n  o f  f a c t ’ s i n c e  ’t h e  d e f e n d a n t s  do 
e x a c t l y  what  we do; t h e y  have  an aqueous  p u l p  t o  which  
t h e y  add o i l  and a c i d ’ • T h ere  was a  d i f f e r e n c e  of  
p r o c e s s ,  h o w e v e r ,  wh ich  M i n e r a l s  S e p a r a t i o n  c l a im e d  
p r e v e n t e d  any i n f r i n g e m e n t .  On t h e i r  s e c o n d  d e f e n c e  of  
a n t i c i p a t i o n  F l e t c h e r  M oul ton  a sk e d  W a l t e r ,  ’what i s  
t h e  knowledge  o f  t h e  w o r l d ’ a s  t o  t h e  e a r l i e r  p a t e n t s .  
W a l t e r  f e l t  i t  was ’ summed up i n  E v e r s o n ’ s s p e c i f i c a t i o n  
and t h a t  i s  an  e n t i r e l y  d i f f e r e n t  p r o c e s s ’ w h ich  i n  any 
e v e n t  d id  n o t  w ork .  As t o  t h e  1901 p a t e n t .  M i n e r a l s  
S e p a r a t i o n  ’u se  t h e  a c i d  i n  t h e  same way and  f o r  t h e  
same p u r p o s e  as  v;e do, which  i s  c l e a r l y  an 
i n f r i n g e m e n t ’ .
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T h e re  t h e  c a s e  r e s t e d  a f t e r  s i x  days  of  a rg u m e n t .  
Judgem en t  was r e s e r v e d  and d e l i v e r e d  on 2 December 
1908;  i t  was r e a d  by  L ord  J u s t i c e  F l e t c h e r  M oul ton  
and c o n s i d e r e d  t h o r o u g h l y  a l l  t h e  q u e s t i o n s  r a i s e d  
by  c o u n s e l .  I t s  p re a m b le  v/as a l s o  m ost  s y m p a t h e t i c  
t o  t h e  p r o b le m s  o f  many i n v e n t o r s ,  o b s e r v i n g  t h a t :
t h e  i n d u s t r i a l  and s c i e n t i f i c  p ro b le m s  w h ich  f a c e  
m ankind  a r e  b e i n g  a t t a c k e d  a l l  o v e r  t h e  w o r l d  by 
b u s y  i n v e n t i v e  m inds  from t h e  m ost  v a r i e d  p o i n t s  
o f  v i e w .  When some l u c k y  i n v e n t o r  h a s  b e e n  
s u c c e s s f u l  i n  s o l v i n g  a  p ro b le m  and -  w h e t h e r  f o r  
t h e  p u r p o s e s  o f  an a c t i o n  o r  o t h e r w i s e  -  t h e  
r e c o r d s  of  p a s t  f a i l u r e  o r  i n c o m p l e t e  s u c c e s s  a r e  
s e a r c h e d ,  i t  i s  common t o  f i n d  t h a t  s u g g e s t i o n s  o r  
a d u m b r a t i o n s  o f  e ac h  of  t h e  v a r i o u s  s t e p s ,  by  which  
h e  h a d  a c h i e v e d  h i s  r e s u l t  a r e  t o  be f o u n d  i n  some 
one o r  o t h e r  o f  t h e  works o f  t h o s e  who have  gone 
b e f o r e  h im ,  t h o u g h  i n  d i f f e r e n t  c o n n e c t i o n  and 
fo r m in g  p a r t  o f  a  d i f f e r e n t  and p r o b a b l y  u n s u c c e s s f u l  
p r o c e s s .  Y/hen such  r e c o r d s  a r e  s e l e c t e d  from a  mass 
o f  a n t e c e d e n t  p u b l i c a t i o n s  and p u t  i n  an i s o l a t e d  
form b e f o r e  a  c o u r t  t h e r e  i s  a  d a n g e r  o f  t h e i r  
g i v i n g  r i s e  t o  a  s u s p i c i o n  o f  a  g e n e r a l  l a c k  o f  
n o v e l t y  i n  t h e  s u c c e s s f u l  i n v e n t i o n .
Such s e l e c t i o n  o f  a l l e g e d  p r e c e d e n t s  was, h o w e v e r ,  made 
w i t h  t h e  b e n e f i t  o f  know ledge  o f  t h e  s u c c e s s f u l  
i n v e n t i o n  and many o t h e r  u n s u c c e s s f u l  p r o p o s a l s  were
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r e j e c t  e d .  To d i s m i s s  t h e  v a l u e  o f  an  i n v a n t i o n  on such  
g r o u n d s  was ’ somewhat a s  t h o u g h  one were  t o  d e c r y  t h e  
m e r i t  o f  a  p r o s p e c t o r  who h a d  d i s c o v e r e d  t h a t  s a n d s  
w ere  a u r i f e r o u s  by  showing t h a t  a f t e r  due r e j e c t i o n  of  
m ost  o f  t h e  n o n - m e t a l l i c  p a r t i c l e s  f rom a  h a n d f u l  o f  
s a n d  t h e  g o l d  may be made t o  a p p e a r  v i s i b l e  t o  t h e  
n a k e d  e y e * .
C a r r i e  E v e r s o n ’ s p a t e n t  was t h u s  r e j e c t e d  a s  a  c a se  
o f  p r i o r  p u b l i c a t i o n ,  p a r t i c u l a r l y  i n  r e s p e c t  o f  t h e  
u s e  o f  a c i d ,  a n d  S t a n l e y  E l m o r e ’ s p a t e n t  was h e l d  t o  
be  v a l i d .  T h e re  r e m a in e d  t h e  o r i g i n a l  p a t e n t  o f  1898 
and i n  r e p l y  t o  t h e  a rg u m e n ts  o f  M i n e r a l s  S e p a r a t i o n  
L t d . ,  t h e  c o u r t  c o n c u r r e d  w i t h  F l e t c h e r  M o u l t o n ’ s 
a rgum en t  t h a t  ’ an  i n v e n t o r  p a t e n t s  a  p r o c e s s  and n o t  
i t s  s c i e n t i f i c  e x p l a n a t i o n ’ . T h e r e f o r e ,  a l t h o u g h  F r a n k  
Elmore  h a d  n o t  d e s c r i b e d  t h e  p r e c i s e  c a u s e  o f  t h e  
phenomena he  e x p l o i t e d ,  he h a d  s u f f i c i e n t l y  d e s c r i b e d  
h i s  means o f  p u t t i n g  i t  t o  u se  and t h e  1898 p a t e n t  was 
a l s o  h e l d  t o  be v a l i d .  However, t h e  c o u r t  was a l s o  of  
t h e  o p i n i o n  t h a t  F r a n k  E lm ore  h a d  c o n f i n e d  t h e  c l a im s  
’t o  t h e  u s e  o f  a  s p e c i a l  t y p e  of  o i l  and t h a t  t h e  
d e f e n d a n t s  do n o t  u s e  an o i l  o f  t h a t  t y p e  and 
t h e r e f o r e  do n o t  i n f r i n g e ’ .
M i n e r a l s  S e p a r a t i o n  was f o u n d  t o  h a v e  i n f r i n g e d  
S t a n l e y  E l m o r e ’ s p a t e n t  by t h e i r  u se  o f  a c i d  t o  p rom ote  
s e l e c t i v e  a c t i o n  and an i n j u n c t i o n  was g r a n t e d  t o  t h e  
Ore C o n c e n t r a t i o n  S y n d i c a t e  t o  h a l t  t h i s .  C o u n se l  f o r  
M i n e r a l s  S e p a r a t i o n  a sk ed  t h a t  t h e  i n j u n c t i o n  be
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d e l a y e d  p e n d in g  an a p p e a l ,  b u t  t h i s  a p p l i c a t i o n  was 
r e f u s e d .  I t  was a l s o  d e t e r m i n e d  t h a t  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  would pay  t h e  c o s t s  o f  t h e  
o r i g i n a l  a c t i o n ,  e x c e p t  as  f a r  a s  t h e y  h a d  b e e n  
i n c r e a s e d  by  t h e  i n c l u s i o n  of  t h e  a c i d  p a t e n t ,  which  
c o s t s  were  t o  be p a i d  by M i n e r a l s  S e p a r a t i o n .  Each  
p a r t y  was t o  pay  t h e i r  own c o s t s  o f  t h e  a p p e a l .
As c o u n s e l  s u g g e s t e d .  M i n e r a l s  S e p a r a t i o n  a p p e a l e d  
t o  t h e  House of  L o r d s .  The c a s e  was h e a r d  o v e r  t h r e e  
d a y s ,  12, 13 and 14 J u l y  1909,  b e f o r e  t h e  L ord  
C h a n c e l l o r ,  L o rd  L o r e b u r n ,  who s a t  w i t h  t h e  E a r l  of  
H a l s b u r y ,  and  L o rd s  A sh b ou rn e ,  A t k i n s o n  and Shaw. Both  
t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  and M i n e r a l s  S e p a r a t i o n  
were r e p r e s e n t e d  by t h e  same c o u n s e l  a s  i n  t h e  a p p e a l ,  
and s u b s t a n t i a l l y  t h e  same a rg u m e n ts  were  p u t  f o r w a r d  
a l t h o u g h  now o n ly  t h e  a c i d  p a t e n t  was a t  i s s u e .
Thomas T e r r e l l  summed up t h e  c a s e  f o r  M i n e r a l s  
S e p a r a t i o n  by r e f e r r i n g  b a ck  t o  Mr J u s t i c e  N e v i l l e ’ s 
judgem ent  and commenting t h a t  a s  r e g a r d s  t h a t  p a t e n t  
’ on a  n a r r o w  c o n s t r u c t i o n  of  t h e  c la im  t h e  d e f e n d a n t s  
have  n o t ,  I  s u b m i t ,  i n f r i n g e d ,  w h i l s t  on a  wide 
c o n s t r u c t i o n  t h e  p a t e n t  i s  i n v a l i d ’ h a v i n g  b e e n  
a n t i c i p a t e d  by C a r r i e  E v e r s o n ’ s p a t e n t .  T e r r e l l  a rg u e d  
f o r  such  a  b r o a d  i n t e r p r e t a t i o n  o f  t h e  c l a im  and 
f u r t h e r  s t r e s s e d  t h e  d i f f e r e n c e  b e tw e e n  t h e  p r o c e s s e s  
o f  w hich  ’ one method i s  t e n s i o n ,  t h e  o t h e r  b o u y a n c y ’ .
On t h e  q u e s t i o n  o f  p r i o r  p u b l i c a t i o n .  L o rd  J u s t i c e  
F l e t c h e r  M o u l t o n ’ s r e j e c t i o n  o f  documents  r e l a t i n g  t o
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f a i l e d  p r o c e s s e s  was a t t a c k e d  as  t o o  s w e e p in g ,  s i n c e  
t h e  b a s i c  i d e a  o f  su c h  a  p r o c e s s  m ig h t  have  b e e n  sound  
e v e n  i f  i t s  a p p l i c a t i o n  was a  f a i l u r e .  H a l s b u r y  and 
L ord  Shaw c o n c u r r e d  w i t h  t h i s  a rgum ent  a f t e r  some 
d i s c u s s i o n .  The L ord  C h a n c e l l o r  r a i s e d  t h e  i s s u e  of  
t h e  t h i c k n e s s  o f  o i l  u se d  i n  t h e  two p r o c e s s e s ,  which  
M ou l ton  h a d  c o n s i d e r e d  t h e  e s s e n t i a l  d i s t i n c t i o n  b e tw e e n  
th e m .  Jo h n  B o u s f i e l d  a g r e e d ,  and on L ord  Shaw o b s e r v i n g  
t h a t  N e v i l l e  h a d  r e f e r r e d  t o  ’ t h e  d i f f e r e n c e s  i n  t h e  
p r o c e s s e s ,  one b e i n g  f l o t a t i o n  and t h e  o t h e r  i n v o l v i n g  
a e r a t i o n  and s u r f a c e  t e n s i o n ’ , B o u s f i e l d  e x p l a i n e d  
t h a t  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e :
s a y  t h a t  i n  t h e i r  p r o c e s s ,  80 p e r  c e n t  o f  f l o a t i n g  
up i s  due t o  b o u y a n c y ,  10 p e r  c e n t  t o  a i r  b u b b l e s ,  
and 10 p e r  c e n t  t o  s u r f a c e  t e n s i o n .  I n  our  p r o c e s s  
t h e r e  i s  n o t h i n g  t o  r e p r e s e n t  t h e  80 p e r  c e n t .  I t  
a c t s  by s u r f a c e  t e n s i o n .  L o rd  J u s t i c e  M o u l to n  h a s  
n o t  d e a l t  w i t h  t h e  e s s e n t i a l  d i f f e r e n c e s .  A e r a t i o n  
i s  c o n s i d e r e d  o b j e c t i o n a b l e  by  E lm o re ,  w h e r e a s  t h e  
d e f e n d a n t s  depend on i t .  A g i t a t i o n  i s  e s s e n t i a l  t o  
t h e  d e f e n d a n t s ’ p r o c e s s ,  w h e re a s  s low r o t a t i o n  i s  
e s s e n t i a l  t o  t h e  s u c c e s s  o f  E lm o r e .
Jo h n  A s tb u r y  a g r e e d  on b e h a l f  o f  t h e  S y n d i c a t e  t h a t  
’ t h e r e  a r e  s e v e r a l  d i f f e r e n c e s  i n  t h e  two p r o c e s s e s  as  
c a r r i e d  o u t  i n  f a c t ,  b u t  t h e  q u e s t i o n  i s  w h e t h e r  t h e  
s e l e c t i v e  a c t i o n  o f  o i l  i n  a  f l o w i n g  p u l p  i s  a s s i s t e d  
by a c i d ,  and i f  s o ,  w h e th e r  t h a t  was n o v e l ? ’ The
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d i s c o v e r y  o f  t h e  u s e  o f  a c i d  t h a t  was c l a im e d  i n  t h e  
1901 p a t e n t  was e n t i r e l y  s e p a r a t e  from t h e  p a t e n t  of  
1898, and i t  was e n t i r e l y  d i f f e r e n t  from t h e  u se  o f  
a c i d  c l a im e d  by C a r r i e  E v e r s o n .  She;
h a s  n o t h i n g  t o  do w i t h  t h e  s e l e c t i v e  a c t i o n  o f  o i l .  
She makes a  s o r t  o f  p u d d i n g .  T h e re  i s  no medium i n  
which  i t  can  t a k e  p l a c e .  S e l e c t i v e  a c t i o n  i n v o l v e s  
t h e  o i l  a t t a t c h i n g  i t s e l f  t o  one p a r t i c l e  r a t h e r  
t h a n  t o  a n o t h e r ;  i t  i s  i m p o s s i b l e  t o  h av e  
s e l e c t i o n  w i t h o u t  w a t e r .
T h e r e f o r e  A s tb u r y  c l a im e d  t h a t  t h e r e  was i n f r i n g e m e n t  
i m m e d i a t e l y  a c i d  was u s e d  i n  any p r o c e s s  t h a t  employed 
o i l  t o  r e c o v e r  m i n e r a l s  and t h e  method  of  f l o t a t i o n  v/as 
i m m a t e r i a l ,  s i n c e  t h e  i n f r i n g e m e n t  h a d  t a k e n  p l a c e  
b e f o r e  t h a t  s t a g e  was r e a c h e d .  The L ord  C h a n c e l l o r  
t h e n  a s k e d  ’ do you s a y  t h a t  any method of  a d d in g  a c i d  
t o  an a q u e o u s  mass i s  c o v e r e d ? ’ A s tb u r y  r e p l i e d ;
Y es .  T h e r e  i s  a  d i f f e r e n c e  b e tw e e n  t h e  s t e p  o f  
s e l e c t i o n  and t h a t  o f  s e p a r a t i o n ;  s e l e c t i o n  means 
g r e a s i n g  t h e  m e t a l  p a r t i c l e s  i n  p r e f e r e n c e  t o  t h e  
g a n g u e .  One c a n n o t  g e t  s e l e c t i o n  w i t h o u t  a  m o b i l e  
m ass ;  a g i t a t i o n  i s  f o r  t h e  p u r p o s e  o f  b r i n g i n g  t h e  
o i l  i n t o  c o n t a c t  w i t h  t h e  m e t a l .  I f ,  a s  i n  t h e  
d e f e n d a n t s ’ p r o c e s s ,  a  s m a l l  q u a n t i t y  o f  o i l  i s  
u s e d ,  more a g i t a t i o n  i s  n e c e s s a r y .  A g i t a t i o n  i s  
n o t  f o r  a e r a t i o n .
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T h a t  p o i n t ,  which  would have  r a i s e d  a  wry s m i l e  from 
any o f  t h e  m e t a l l u r g i s t s  who h a d  worked a t  t h e  B rok en  
H i l l  C e n t r a l  mine d u r i n g  1905,  c a u s i n g  L ord  Shaw t o  a sk  
o f  t h e  E v e r s o n  p r o c e s s ,  ’ i s  n o t  t h e  s e l e c t i v e  a c t i o n  
m e r e ly  p o s t p o n e d ’ u n t i l  t h e  o i l e d  mass was washed t o  
remove t h e  w a s t e ?  A s tb u r y  d e n ie d  t h i s ,  b e c a u s e  i n  
S t a n l e y  E l m o r e ’ s p a t e n t  t h e  a c i d  was u s e d  t o  im prove  
s e l e c t i v e  a c t i o n  and was i n d e p e n d e n t  of  any o t h e r  
s t e p s  o f  t h e  p r o c e s s .  The L o rd  C h a n c e l l o r  a s k e d  t h e n ,  
’ do you s a y  t h a t  t h e  m i x t u r e  t o  be a c i d i f i e d  may be any 
one o f  o r e ,  w a t e r  and  o i l ? ’ A s t b u r y  a g r e e d  i t  m i g h t ,  
p r o v i d i n g  i t  was an  a q u eou s  m i x t u r e .  He a d m i t t e d  i t  
was ’ a  wide c l a i m ,  b u t  i t  i s  n o t  a n t i c i p a t e d  by 
E v e r s o n ’ who ’makes a  s t i f f  m a s s ,  o i l y  t h r o u g h o u t ,  and 
t h e n  g o e s  t h r o u g h  a  l a b o r i o u s  k n e a d i n g  p r o c e s s .  The 
a c i d  i s  employed f o r  a  t o t a l l y  d i f f e r e n t  p u r p o s e ’ .
On t h e  b r o a d  c o n s t r u c t i o n  A s tb u r y  em ployed ,  t h e  
d i f f e r e n c e s  b e tw e e n  t h e  two p r o c e s s e s  were  n o t  
i m p o r t a n t  and ’u n l e s s  i t  i s  p r o v e d  t h a t  t h e  a d d i t i o n  
o f  a c i d  d o e s  n o t  a s s i s t  a t  a l l ,  t h e  o b j e c t i o n  f a i l s ’ .
A f t e r  t h e  t h r e e  days  o f  a rg um en t  t h e  c o u r t ’ s 
judgem ent  was r e s e r v e d  and d e l i v e r e d  f o u r  m onths  l a t e r  
on 16 November 1909 .  T h e i r  l o r d s h i p s  fo u n d  u n a n im o u s ly  
i n  f a v o u r  o f  M i n e r a l s  S e p a r a t i o n ,  i n  g e n e r a l  f i n d i n g  
t h a t  t h e  d i lemma i d e n t i f i e d  by  Mr J u s t i c e  N e v i l l e  s t i l l  
a p p l i e d ;  e i t h e r  t h e  1901 p a t e n t  was t o o  n a r r o w
i n  c o n s t r u c t i o n  t o  a p p l y  t o  t h e  M i n e r a l s  S e p a r a t i o n  
p r o c e s s ,  o r  i t  was so wide a s  t o  h av e  b e e n  a n t i c i p a t e d
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and  r e n d e r e d  i n v a l i d .  I f  t h e  1901 p a t e n t  was v a l i d  i t  
a p p l i e d  o n l y  t o  t h e  o r i g i n a l  E lmore  p r o c e s s .  Lord  
A t k i n s o n  d i s a g r e e d  t o  some e x t e n t ,  f i n d i n g  t h a t  t h e  
1901 p a t e n t  h a d  b e e n  f ram ed  w i t h  a m b i g u i t y  and ’ s t u d i e d  
v a g u e n e s s ’ , and was p o s s i b l e  o f  t h r e e  i n t e r p r e t a t i o n s .  
The i n v e n t i o n  c l a im e d  t h e  a d d i t i o n  o f  a  s m a l l  amount o f  
a c i d  t o  e i t h e r  (1 )  a  m i x t u r e  of  o re  p u l p  and o i l  i n  any 
p r o p o r t i o n s ,  o r  (2 )  t o  a  ’ f r e e l y - f l o w i n g  p u l p ’ , o r  
(3 )  t o  a  m i x t u r e  where  s u f f i c i e n t  o i l  was a d d ed  t o  
e n s u r e  f l o t a t i o n  o f  t h e  s e l e c t e d  m i n e r a l  p a r t i c l e s  by 
means o f  t h e  bo u y a n cy  o f  t h e  o i l .  Of t h e s e ,  t h e  f i r s t  
h a d  c l e a r l y  b e e n  a n t i c i p a t e d  by C a r r i e  E v e r s o n ’ s p a t e n t  
and t h e  t h i r d  was a  p r o c e s s  e n t i r e l y  d i f f e r e n t  from 
t h a t  o f  M i n e r a l s  S e p a r a t i o n .  Thus i f  i n f r i n g e m e n t  was 
t o  be f o u n d  t h e  s e c o n d  i n t e r p r e t a t i o n  must  f i r s t  be 
h e l d  t o  be c o r r e c t .  D e s p i t e  t h e  ’ a b l e  and c l e a r  
a r g u m e n t ’ made by A r t h u r  W a l t e r  t o  t h i s  e n d ,  L ord  
A t k i n s o n  c o u ld  n o t  a g r e e ,  u p h o l d i n g  t h e  v a l i d i t y  o f  t h e  
p a t e n t  i n  t h e  t h i r d  i n t e r p r e t a t i o n ,  o r  i n  r e l a t i o n  o n l y  
t o  t h e  o r i g i n a l  E lm ore  p r o c e s s  o f  t h e  1898 p a t e n t ,  and 
t h u s  he  fo u n d  no i n f r i n g e m e n t  by  M i n e r a l s  S e p a r a t i o n .
So en d ed  a  l e g a l  b a t t l e  t h a t  h a d  c o s t  t h e  Ore
C o n c e n t r a t i o n  S y n d i c a t e  many t h o u s a n d s  o f  pounds  and
l a s t e d  n e a r l y  two and a  h a l f  y e a r s .  Two days  a f t e r
ju d gem en t  was g i v e n ,  t h e  f o u r t h  a n n u a l  g e n e r a l  m e e t i n g
o f  M i n e r a l s  S e p a r a t i o n  L t d .  was h e l d  a t  W in c h e s t e r
H ouse ,  Old B road  S t r e e t  i n  London and a  v o t e  of
20c o n g r a t u l a t i o n  was p a s s e d  by  t h e  s h a r e h o l d e r s .
- 1 7 9 -
ï h e  c h a i r m a n ,  J o h n  B a l l o t ,  r e p o r t e d  t h a t  t h e  p l a n t s  
b e i n g  o p e r a t e d  j o i n t l y  w i t h  t h e  S u l p h i d e  C o r p o r a t i o n  
a t  B ro ken  H i l l  were  p r o v i n g  m os t  s a t i s f a c t o r y ;  b e tw e e n  
J a n u a r y  and S ep tem b er  1909 some 8 6 ,3 7 5  t o n s  o f  
c o n c e n t r a t e s  h a d  b e e n  p r o d u c e d  w i t h  an a v e r a g e  z i n c  
c o n t e n t  o f  47 p e r  c e n t ,  and i t  was hoped  t h a t  by  March 
o f  t h e  f o l l o w i n g  y e a r  a l l  o u t s t a n d i n g  d e b t s  r e s u l t i n g  
f rom t h e  c o n s t r u c t i o n  of  t h a t  p l a n t  would  h ave  b e e n  
p a i d  and t h e  v e n t u r e  r e t u r n i n g  a  p r o f i t .
P e r h a p s  more i m p o r t a n t ,  ’r e s e a r c h  work h a d  b e e n  
c o n t i n u e d  and p a t e n t s  t a k e n  o u t  f o r  a  s e r i e s  o f  new 
r e a g e n t s  t o  t a k e  t h e  p l a c e  o f  o i l ,  wh ich  would  p l a c e  
them o u t s i d e  t h e  r e g i o n  o f  p r o c e s s e s  so f a r  a f f e c t e d  
by l i t i g a t i o n  and would  e n a b l e  them g r e a t l y  t o  e x t e n d  
t h e  f i e l d  o f  o p e r a t i o n ’ • Most i m p o r t a n t  was B r i t i s h  
p a t e n t  n o .  2 6 ,8 5 2  o f  1908 g r a n t e d  t o  A r t h u r  Howard 
H i g g i n s ,  one o f  t h e  company’ s m e t a l l u r g i s t s ,  f o r  a  
f l o t a t i o n  p r o c e s s  i n  which  t h e  f r o t h i n g  a g e n t s  were 
’ a r o m a t i c  h y d r o x i d e s  such  a s  p h e n o l ’ r a t h e r  t h a n  o i l s .  
Im p ro vem en ts  h a d  a l s o  b e e n  made on t h e  m e c h a n i c a l  s i d e ,  
’ t h e  t r e a t m e n t  p l a n t  h a d  b e a n  s i m p l i f i e d  and im proved  
so a s  t o  i n c r e a s e  t h e  c a p a c i t y ,  r e d u c e  t h e  c o s t  o f  
e r e c t i o n ,  l o w e r  t h e  c o s t  o f  t r e a t m e n t ,  and e n a b l e  
c o p p e r  o r e s  t o  be  more r e a d i l y  h a n d l e d ’ . T h ese  
d e v e lo p m e n t s  were  t o  be o f  v i t a l  i m p o r t a n c e  t o  t h e  
f u t u r e  o f  f l o t a t i o n ,  b u t  b e f o r e  t h e y  c o u ld  be a p p l i e d  
c o m m e r c i a l ly  M i n e r a l s  S e p a r a t i o n  h a d  t o  f a c e  y e t  more 
l i t i g a t i o n .
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At t h e  n e x t  a n n u a l  m e e t i n g  h e l d  on 29 December 1910 
B a l l o t  r e p o r t e d  v e r y  s a t i s f a c t o r y  r e s u l t s  from t h e  
p l a n t s  a t  t h e  C e n t r a l  m in e .  R e s e a r c h  was a l s o  
e n c o u r a g i n g ,  and he  commented t h a t  t h e  company h a d  
’ a  s t r o n g  c h a i n  o f  33 p a t e n t s ,  and  t h e r e  seemed e v e r y  
p r o b a b i l i t y  o f  t h e i r  h a v i n g  t o  t a k e  ou t  m o r e ’ . I n  
p a r t i c u l a r ,  ’Mr T . J .  H o o v e r ’ s m o d i f i c a t i o n  o f  t h e i r  
p l a n t  h a d  more t h a n  j u s t i f i e d  e x p e c t a t i o n s ’ . The l e g a l  
p o s i t i o n  was n o t  so e n c o u r a g i n g ,  f o r  t h e  company had  
i t s e l f  commenced l i t i g a t i o n  i n  A u s t r a l i a ,  a l l e g i n g  
i n f r i n g e m e n t  o f  t h e i r  p a t e n t s  by Amalgamated Z inc  
(De B a v a y ’ s )  L t d . ,  w hich  B a l l o t  p r o m is e d  ’would  be 
p r o s e c u t e d  w i t h  a l l  t h e  e n e r g y  and a b i l i t y  a t  t h e i r  
command’ . T h e re  were  a l s o  ru m o u rs  t h a t  t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  was ’ a b o u t  t o  i n s t i t u t e  
p r o c e e d i n g s  i n  t h e  German C o u r t  t o  r e s t r a i n  somebody 
from i m p o r t i n g  c o n c e n t r a t e s  p ro d u c e d  by a  p r o c e s s  w hich  
t h e y  s a i d  i n f r i n g e d  t h e i r  p a t e n t ’ , a l t h o u g h  no a c t i o n  
h a d  b e e n  t a k e n  a g a i n s t  M i n e r a l s  S e p a r a t i o n  a s  y e t ;
21t h e s e  p r o c e e d i n g s  were  n e v e r  b r o u g h t  t o  any c o n c l u s i o n .
One y e a r  l a t e r  t h e  i n f r i n g e m e n t  s u i t  a g a i n s t  
Amalgamated Zinc  was s t i l l  i n  t h e  c o u r t s ,  b u t  B a l l o t  
was a b l e  t o  d e c l a r e  t h a t  M i n e r a l s  S e p a r a t i o n  had  
e s t a b l i s h e d  i t s e l f  on ’ a  sound  economic  and co m m erc ia l  
b a s i s ’ w i t h  a  r o y a l t y  income from A u s t r a l i a  a lo n e  of  
more t h a n  £ 3 0 ,0 0 0  a  y e a r ,  and a f t e r  p a y in g  a l l  p a s t  
d e b t s  and r e s e a r c h  c o s t s  a  r e a l  p r o f i t  o f  £ 8 ,0 0 0  
r e m a i n e d .  ’The company was e n a b l e d  t o  s t a r t  J a n u a r y  1,
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1911 w i t h  a l l  e x p e r i e n c e  p a i d  f o r ,  w i t h  a  w e l l -  
e q u ip p e d  s t a f f  and o r g a n i s a t i o n ,  w i t h  u p - t o - d a t e  p l a n t  
and  a p p a r a t u s ,  w i t h  a  r e g u l a r l y  p r o g r e s s i v e  in co m e ,  
w i t h  an e s t a b l i s h e d  p r o c e s s  and w i t h  more c a s h  i n  hand  
and  a v a i l a b l e  t h a n  i t s  n o m in a l  c a p i t a l '  of  £ 5 0 , 0 0 0 .
T h i s  was g r e e t e d  by  c h e e r s  f rom t h e  s h a r e h o l d e r s ,
p p
a l t h o u g h  no d i v i d e n d  was d e c l a r e d .
D u r in g  1911 t h e r e  came t o  t r i a l  i n  A u s t r a l i a  a  
f u r t h e r  c h a l l e n g e  t o  t h e  M i n e r a l s  S e p a r a t i o n  p a t e n t s .  
The Ore C o n c e n t r a t i o n  S y n d i c a t e  and i t s  a s s o c i a t e d  
A u s t r a l a s i a n  S y n d i c a t e  su ed  t h e  S u l p h i d e  C o r p o r a t i o n  
' t o  r e s t r a i n  a l l e g e d  b r e a c h e s  o f  two p a t e n t s '  
b e l o n g i n g  t o  t h e  Elmore company.  T hese  were  New So u th  
Wales p a t e n t s  n o .  10,001 o f  1900 and n o .  11 ,307  o f  1901 
which  h ad  b e e n  g r a n t e d  t o  F r a n k  and S t a n l e y  E lm ore  
r e s p e c t i v e l y .  The f i r s t  was a  d u p l i c a t i o n  o f  F r a n k ’ s 
B r i t i s h  p a t e n t  o f  1898, w h i l e  S t a n l e y ’ s i n c l u d e d  n o t  
o n ly  t h e  d e t a i l s  o f  t h e  a c i d  p a t e n t ,  b u t  a l s o  t h e  
’ a p p a r a t u s  f o r  s e p a r a t i n g  m i n e r a l s  by  t h e  s e l e c t i v e  
a c t i o n  o f  o i l s ’ t h a t  were  p r o t e c t e d  by  B r i t i s h  p a t e n t  
n o .  15 ,526 o f  1901.  T h ese  p a t e n t s  were owned by  t h e  
B r i t i s h  Ore C o n c e n t r a t i o n  S y n d i c a t e  (1905)  L t d .  which  
h a d  l i c e n c e d  t h e i r  u se  by  t h e  A u s t r a l a s i a n  s y n d i c a t e  
u n d e r  an a g re e m e n t  o f  1906 .  I t  was t h e i r  c o n t e n t i o n  
t h a t  t h e  S u l p h i d e  C o r p o r a t i o n  h a d  i n f r i n g e d  t h e s e  by
t h e i r  u se  o f  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s .  I n  
d e f e n c e  t h e  c o r p o r a t i o n  d e n i e d  i n f r i n g e m e n t  and c l a im e d  
t h e  Elmore p a t e n t s  were  i n v a l i d ,  e f f e c t i v e l y  on t h e
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same g r o u n d s  a s  o f f e r e d  i n  t h e  E n g l i s h  c o u r t s .
The c a s e  came t o  t r i a l  on 2 May 1911 b e f o r e  t h e  
H o n o u ra b le  A r c h i b a l d  Henry  S im pson ,  C h ie f  Judge  i n  
E q u i t y  o f  t h e  Supreme C our t  o f  New S o u th  W ales .  I t  
l a s t e d  t h i r t y - o n e  d a y s .  S t a n l e y  E lm ore  h i m s e l f  a p p e a r e d  
a s  a  w i t n e s s ,  w h i l e  t h e  S u l p h i d e  C o r p o r a t i o n  c a l l e d  a  
p r o f e s s o r  and  two l e c t u r e r s  from t h e  U n i v e r s i t y  o f  
Sydney t o  s u p p o r t  t h e i r  c a s e .  I n  t r i a l  t h e  c l a i m s  
r e g a r d i n g  F r a n k ’ s p a t e n t  were abandonned  and a rgum ent  
c e n t r e d  on S t a n l e y  E l m o r e ’ s p a t e n t .  I n f r i n g e m e n t  was 
c la im e d  o n ly  o f  t h e  f i r s t  s e c t i o n  r e l a t i n g  t o  t h e  u se  
o f  a c i d ,  b u t  t h e  d e fe n c e  b a s e d  p a r t  o f  i t s  c a s e  on 
o t h e r  p a r t s  c o v e r i n g  m a c h in e r y  f o r  s e p a r a t i o n  w hich  
t h e y  c l a im e d  were  i n v a l i d ,  h a v i n g  b e e n  a n t i c i p a t e d  by  
F r a n k ’ s p a t e n t ,  and r e n d e r e d  t h e  whole  p a t e n t  i n v a l i d .  
They a l s o  i n t r o d u c e d  t h e  p a t e n t  o f  Thomas C r i l e y  and 
C a r r i e  E v e r s o n  as  an example  o f  a n t i c i p a t i o n  w h ic h  h a d  
n o t  b e e n  i n t r o d u c e d  i n  p r e v i o u s  c a s e s .
Judgem ent  was r e s e r v e d  and d e l i v e r e d  on 24 J u l y  1911 
when Simpson made a  c a r e f u l  r e v i e w  o f  t h e  i s s u e s  and 
o b s e r v e d  t h a t  a s  S t a n l e y  E l m o r e ’ s a c i d  p a t e n t  h a d  b e e n  
ammended b e f o r e  b e i n g  t a k e n  o u t  i n  A u s t r a l i a  ’ i t  must  
n o t  be t a k e n  t h e r e f o r e  a s  a  m a t t e r  o f  c o u r s e  t h a t  t h e  
E n g l i s h  d e c i s i o n s  on t h e  t r u e  m ean ing  of  A .S .  E l m o r e ’ s 
E n g l i s h  p a t e n t  l a y  down t h e  t r u e  m ean ing  o f  h i s  New 
Sou th  Wales p a t e n t ’ . S impson f e l t  t h a t  d e s p i t e  t h e  
d i f f e r e n c e s  b e tw e e n  t h e  s p e c i f i c a t i o n s  ’ t h e  t h r e e  
p o s s i b l e  i n t e r p r e t a t i o n s  m e n t io n e d  by  L o rd  A t k i n s o n
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a s  a p p l i c a b l e  t o  t h e  B r i t i s h  p a t e n t ’ a p p l i e d  a l s o  t o  
t h e  New S o u th  Wales p a t e n t .  Thus t h e  di lemma o r i g i n a l l y  
i d e n t i f i e d  by  Mr J u s t i c e  N e v i l l e  a l s o  a p p l i e d  and t h e  
E lm ore  a c i d  p a t e n t  c o u ld  o n l y  be u p h e ld  i n  r e l a t i o n  
t o  t h e  b u l k  o i l  p r o c e s s ,  s i n c e  any w i d e r  c l a im  would 
h av e  b een  a n t i c i p a t e d .
He commented t h a t  ’a  v a s t  amount o f  v e r y  i n t e r e s t i n g  
e v id e n c e  was g i v e n  as  t o  w h e th e r  t h e  d e f e n d a n t s ’ 
p r o c e s s  was or  was n o t  b a s e d  on t h e  s e l e c t i v e  a c t i o n  
o f  o i l ’ and ’ a s  t o  w h e th e r  t h e  e f f e c t i v e  a g e n t  i n  t h e  
d e f e n d a n t s ’ p r o c e s s  i s  t h e  s m a l l  q u a n t i t y  o f  o i l  
i n t r o d u c e d  o r  t h e  a i r  o r  g a s  b u b b l e s ’ . S impson t e n d e d  
t o  a g r e e  w i t h  P r o f e s s o r  P o l l o c k  t h a t  a i r  b u b b l e s  were 
t h e  means o f  e f f e c t i n g  s e p a r a t i o n ,  b u t  i n  h i s  o p i n i o n  
’ t h i s  a b s t r u s e  p o i n t  may w e l l  be l e f t  f o r  f u r t h e r  
i n v e s t i g a t i o n  by  s c i e n t i f i c  men’ . The s u i t  was 
d i s m i s s e d  w i t h  c o s t s  a g a i n s t  t h e  Ore C o n c e n t r a t i o n  
S y n d i c a t e ,  b u t  t h e y  were  g r a n t e d  l e a v e  t o  a p p e a l  t o  
t h e  J u d i c i a l  Commitee o f  t h e  P r i v y  C o u n c i l  i n  London.
The a p p e a l  came b e f o r e  t h e  c o u r t  on 21 O c t o b e r  1913 
w i t h  A r t h u r  W a l t e r ,  A r t h u r  C o l e f a x  and U.K .  McDermott  
a p p e a r i n g  f o r  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  and 
W i l l i a m  B o u s f i e l d ,  Thomas T e r r e l l  and Jo h n  Gordon f o r  
t h e  S u l p h i d e  C o r p o r a t i o n .  The c a s e  was a r g u e d  o v e r  f i v e  
d ays  b e f o r e  L o rd s  D uned in ,  Shaw and F l e t c h e r  M o u l ton  
who r e s e r v e d  t h e i r  j u d g e m e n t .  I n  November, h o w e v e r ,  i t  
was annou nced  t h a t  t h e  a p p e a l  would  be  r e h a a r d ,  c a u s i n g  
J o h n  B a l l o t  t o  comment a t  t h e  a n n u a l  m e e t i n g  of  M i n e r a l s
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S e p a r a t i o n  on 22 December t h a t  he c o u ld  o n l y  r e g r e t  
’ t h e  l o s s  o f  t im e  and e x t r a  e x p e n se  i t  w i l l  i n v o l v e ’ 
b u t  ’ a s  a  f u l l  c o n s i d e r a t i o n  of  t h e  s p e c i a l  c i r c u m ­
s t a n c e s  o f  t h e  c a s e  must  have  d i s c l o s e d  s u f f i c i e n t  
r e a s o n  why t h e  L ord  C h a n c e l l o r  and t h e  B oard  o f  t h e  
P r i v y  C o u n c i l  d e c i d e d  t o  have  i t  r e a r g u e d ,  v/e c an  o n l y  
a c c e p t  t h e  p o s i t i o n  and a w a i t  t h e  r e s u l t  i n  due c o u r s e ’ .
The new h e a r i n g  b e g an  on T u esd ay  27 J a n u a r y  1914 
and c o n t i n u e d  o v e r  se v e n  days  u n t i l  6 F e b r u a r y . I t  
was h e a r d  by  t h e  L ord  C h a n c e l l o r ,  L ord  H a ld a n e  who h ad  
r e c e n t l y  s u c c e e d e d  L o r e b u r n ,  s i t t i n g  w i t h  L o rd s  D u n e d in ,  
P a r k e r ,  Sumner and P a r m o o r .  A r t h u r  W a l t e r  a rg u e d  f o r  
t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  t h a t  a l t h o u g h  t h e  
a f f i n i t y  o f  o i l s  f o r  s u l p h i d e s  h a d  b e e n  r e c o r d e d  by 
W i l l i a m  Haynes  a s  e a r l y  a s  I 8 6 0 ,  no p r a c t i c a l  means of  
e x p l o i t i n g  i t  h a d  b e e n  known b e f o r e  t h e  p u b l i c a t i o n  of  
F r a n k  E l m o r e ’ s p a t e n t .  S t a n l e y  E l m o r e ’ s p a t e n t  
d e s c r i b e d  t h e  a d v a n t a g e s  t o  be g a i n e d  by  a d d in g  a 
s m a l l  amount o f  a c i d  t o  su ch  a  p r o c e s s  b u t  i t  was n o t  
c o n f i n e d  t o  a  b u l k  o i l  o r  ’r a f t i n g ’ p r o c e s s  s i n c e  t h e  
Nev; S o u th  Wales p a t e n t  i n c l u d e d  a  g e n e r a l  c l a im  f o r  
t h e  use  o f  a c i d  i n  r e l a t i o n  t o  any  use  of  o i l s  i n  
m i n e r a l  r e c o v e r y .
The S u l p h i d e  C o r p o r a t i o n  h a d  b r o u g h t  e x p e r t  
t e s t i m o n y  i n  A u s t r a l i a  t o  r e f u t e  t h i s  a rgum ent  by 
b o l s t e r i n g  t h e i r  c l a im  t h a t  :
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t h e  u s e  o f  o i l  p e r  se  was u n e s s e n t i a l  i n  t h e  
r e s p o n d e n t s ’ p r o c e s s  a s  i t  c o u ld  he r e p l a c e d  hy  
s o l u b l e  a g e n t s  such  a s  a c e t i c  a c i d ,  s a l i c y l i c  a c i d ,  
amyl a l c o h o l ,  and o t h e r  a g e n t s  which  c a u s e  t h e  w a t e r  
t o  f r o t h  when v i o l e n t l y  a g i t a t e d ,  b u t  c o u l d  n o t  
p o s s i b l y  c o a t  t h e  m i n e r a l  (and )  t h a t  su c h  f r o t h ,  
c o n s i s t i n g  o f  m in u te  a i r  b u b b l e s  was i n  i t s e l f  t h e  
a g e n t  w h ich  s e l e c t i v e l y  s e p a r a t e d  t h e  m i n e r a l  by  
a t t a t c h i n g  i t s e l f  s e l e c t i v e l y  t o  t h e  m i n e r a l  and 
n o t  t o  t h e  g a n g u e .
T h i s  r e f l e c t e d  t h e  r e s e a r c h  i n t o  f l o t a t i o n  r e a g e n t s  
t h a t  J o h n  B a l l o t  h a d  sp oken  o f  f o u r  y e a r s  b e f o r e .  V/hen 
Jo h n  B o u s f i e l d  spoke f o r  t h e  S u l p h i d e  C o r p o r a t i o n  i n  
London he  b u i l t  upon t h i s ,  o b s e r v i n g  t h a t  ’ t h e  p a t e n t e e  
h a s  made a  d i s c o v e r y  o f  a  v e r y  l i m i t e d  c h a r a c t e r ’ . He 
b a s e d  h i s  c a s e  upon a  n a r ro w  c o n s t r u c t i o n  o f  t h e  p a t e n t ,  
r e l a t i n g  i t  s o l e l y  t o  t h e  o r i g i n a l  o i l  p a t e n t .  I t  was 
t o  s u p p o r t  t h i s  c o n t e n t i o n  t h a t  e m p h a s i s  h a d  b e a n  
p l a c e d  on t h e  a i r  b u b b l e s  r a t h e r  t h a n  o i l  b e i n g  t h e  
a g e n t  o f  s e l e c t i o n .  I f  t h e  c l a im s  of  t h e  a c i d  p a t e n t  
were t o  i n c l u d e  i t s  u s e  i n  any c o n c e n t r a t i o n  p r o c e s s ,  
t h e n  i t  h a d  c l e a r l y  b e e n  a n t i c i p a t e d ;  i n  s h o r t ,  t h e  
di lemma i d e n t i f i e d  by Mr J u s t i c e  N e v i l l e  s i x  y e a r s  
e a r l i e r  s t i l l  a p p l i e d .
Judgem en t  was r e s e r v e d  and d e l i v e r e d  on 6 March 1914,  
t h e i r  l o r d s h i p s  d e c l a r i n g  t h a t  S t a n l e y  E l m o r e ’ s p a t e n t  
was v a l i d  b u t  t h a t  M i n e r a l s  S e p a r a t i o n  h a d  n o t
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i n f  r i n g e d  i t .  They a g r e e d  t h a t  t h e r e  were  v a l i d  
d i s t i n c t i o n s  b e tw e e n  t h e  B r i t i s h  and New S o u th  Wales 
p a t e n t s ,  and t h a t  t h e  l a t t e r  p r o t e c t e d  ’t h e  en hancem en t  
o f  t h e  a c t i o n  o f  o i l  a s  a  s e l e c t i v e  a g e n t ’ by  t h e  u se  
o f  a c i d  when ’t h e  o i l  i s  a d e q u a te  i n  q u a n t i t y  and of  
s u f f i c i e n t  t e n a c i t y  t o  e n t r a p  or  c o a t  m i n e r a l  p a r t i c l e s  
. . . and t o  h o l d  o r  c a r r y  e ac h  p a r t i c l e  u n t i l  
s e p a r a t i o n  i s  e f f e c t e d ’ . T h i s  was t h e  w i d e r  i n t e r ­
p r e t a t i o n  s o u g h t  by t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e ,  
b u t  t h e i r  l o r d s h i p s  fo u n d  t h a t  a l t h o u g h  t h e  S u l p h i d e  
C o r p o r a t i o n  a d m i t t e d  u s i n g  a c i d  i n  t h e  M i n e r a l s  
S e p a r a t i o n  p r o c e s s  a t  B roken  H i l l ,  t h a t  p r o c e s s  u s e d  
a i r  b u b b l e s  a s  a  s e l e c t i v e  a g e n t  and so no i n f r i n g e m e n t  
was f o u n d .
T h i s  d e c i s i o n  e f f e c t i v e l y  marked t h e  end  o f  t h e  
Elmore s y n d i c a t e ’ s c h a l l e n g e  t o  t h e  g row th  o f  M i n e r a l s  
S e p a r a t i o n  L t d .  An a r t i c l e  i n  t h e  London Mi n i n g 
Magazine  f o r  March 1914 which  was a lm o s t  c e r t a i n l y  
w r i t t e n  by  Thomas R i c k a r d ,  o b s e r v i n g  t h a t ;
a f t e r  l i t i g a t i o n  l a s t i n g  f o r  s i x  y e a r s ,  t h e  M i n e r a l s  
S e p a r a t i o n  f l o t a t i o n  p r o c e s s  h a s  b e e n  d e c l a r e d  by  
t h e  h i g h e s t  c o u r t s  of  t h e  B r i t i s h  Empire  . . . t p  
c o n s t i t u t e  an i n v e n t i o n  i n d e p e n d e n t  o f  a n y t h i n g  
b e f o r e  . . . With r e g a r d  t o  t h e  j u d g e m e n ts  o f  t h e  
House of  L o rd s  and t h e  J u d i c i a l  Committee  of t h e  
P r i v y  C o u n c i l ,  we a r e  f r e e  t o  say  t h a t  many 
e n g i n e e r s  have  e x p r e s s e d  s u r p r i s e  a t  t h e i r  t o n e
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and m e th o d s ,  e s p e c i a l l y  t h o s e  who h av e  knovm 
s o m e th in g  o f  t h e  e a r l i e r  i n t e r n a l  h i s t o r y  o f  t h e  
p r a c t i c a l  dev e lo pm en t  of  t h e  f l o t a t i o n  i d e a .  The 
j u d g e s  o f  t h e  House o f  L o rd s  were  u n n e c e s s a r i l y  
o f f e n s i v e  when t h e y  r e f e r r e d  t o  t r i c k y  and s u b t l e  
m ethods  o f  p r e p a r i n g  s p e c i f i c a t i o n s  and c l a i m s .
The J u d i c i a l  Commitee of  t h e  P r i v y  C o u n c i l ,  d u r i n g  
t h e  h e a r i n g s ,  a p p e a r e d  t o  be d e s i r o u s  o f  c o n f i n i n g  
t h e  a rg u m e n ts  t o  t h e  a c i d  s p e c i f i c a t i o n ,  and t h e  
i m p r e s s i o n  g a i n e d  by  t h e  a u d i e n c e ,  and e v e n  by  
t h e  l a w y e r s  engag ed  i n  t h e  c a s e ,  was t h a t  t h e  
a rg u m e n ts  i n  f a v o u r  o f  t h e  E l m o r e s ’ c l a im  were 
making an i m p r e s s i o n .  The judgem en t  u p h o l d i n g  t h e  
A u s t r a l i a n  d e c i s i o n  and m a i n t a i n i n g  t h e  i n d e p e n d e n c e  
o f  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  came, t h e r e f o r e ,  
as  a  s u r p r i s e  t o  e v e ry o n e  i n c l u d i n g  t h e  l i t i g a n t s  
on b o t h  s i d e s .
I t  was a l s o  c u r i o u s  t h a t  t h e  E l m o r e s ’ p a t e n t s  o f  1904 
r e l a t i n g  t o  t h e i r  vacuum p r o c e s s  were  n e v e r  i n t r o d u c e d  
i n t o  any o f  t h e  c a s e s .  I t  v;as p e r h a p s  a  n e e d  t o  r e l y  
on t h e  e a r l i e s t  p a t e n t s  i n  o r d e r  t o  f o r e s t a l l  a  c la im  
by  M i n e r a l s  S e p a r a t i o n  t h a t  t h e i r  p r o c e s s  was b a s e d  on 
t h e  C a t t e r m o l e  and F rom en t  p a t e n t s  t h a t  would  p r e d a t e  
t h e  Elmore vacuum s p e c i f i c a t i o n s ,  b u t  t h e  Ma g a z i n e  
f e l t  t h a t :
a  m e n t i o n  o f  i t  would  h ave  b e e n  o f  v a l u e  when 
s u r v e y i n g  t h e  b r o a d  f i e l d  of  f l o t a t i o n  a s  d i s t i n c t
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f rom t h e  c o n s i d e r a t i o n  of  t h e  n a r r o w e r  sc op e  o f  t h e  
1901 p a t e n t .  As t h e  J u d i c i a l  C o m m it te e ’ s judgem ent  
was b a s e d  on t h i s  b r o a d  v i e w ,  and n o t  on t h e  
n a r r o w e r  a rg u m e n ts  t h a t  o c c u p i e d  t h e  g r e a t e r  p a r t  
o f  t h e  c o u n s e l s ’ t i m e ,  an  i m p r e s s i o n  i s  c r e a t e d  
t h a t  t h e  a rgum en t  and judgem ent  were  a t  c r o s s ­
p u r p o s e s .
A l th o u g h  t h e  Magazine  a g r e e d  t h a t  t h e  jud gem en t  was 
p e r f e c t l y  c l e a r  i n  f i n d i n g  no i n f r i n g e m e n t  o f  t h e  
E lm ore  p a t e n t s ,  t h e  a rg u m e n ts  f o r  t h i s  v i e w  would :
n o t  a p p e a l  t o  e n g i n e e r s  u s i n g  t h e  p r o c e s s  a s  b e i n g  
a t  a l l  w e l l  g r o u n d e d .  I f  a s  a  s im p le  r e a d i n g  o f  t h e  
judgem en t  would w a r r a n t ,  i t  i s  a rg u e d  t h a t  t h e  u se  
o f  o i l  i s  ’ e n t i r e l y  and a b s o l u t e l y  u n e s s e n t i a l ’ , one 
c o u ld  w i t h  e q u a l  r i g h t  a rg u e  on t h e  f a c t s  t h a t  w a t e r  
i s  u n e s s e n t i a l ,  t h a t  a c i d  i s  u n e s s e n t i a l ,  and even  
t h a t  o re  i t s e l f  i n  u n e s s e n t i a l  t o  t h e  s u c c e s s f u l  
w o rk in g  o f  t h e  p r o c e s s ,  and t h a t  t h e  o n l y  r e a l l y  
e s s e n t i a l  f a c t o r  i s  ’ s u r f a c e  t e n s i o n ’ . T h i s  l a t t e r  
f a c t o r  was ,  h o w e v e r ,  amply d i s c l o s e d  by H e z e k ia h  
B r a d f o r d  y e a r s  a g o .
I n  s h o r t ,  t h e  w r i t e r  c o n c l u d e d  t h a t  ’ t h e  E lm o re s  have  
n o t  r e c e i v e d  t h e  k i n d e s t  t r e a t m e n t  by  t h e  law  or  t h e  
m ost  g e n e r o u s  c o n s i d e r a t i o n  o f  t h o s e  t h a t  a r e  now 
t h e i r  e n e m i e s ’ .
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W it h i n  a  few m onths  o f  t h e  judgem en t  t h r e e
d i r e c t o r s  o f  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  r e s i g n e d ,
l e a v i n g  S t a n l e y  E lm o re ,  W a l te r  McDermott and an
A m erican  e n g i n e e r  named B e r t r a n d  Hinman t o  r u n  t h e
company; F r a n k  Elmore  was a p p o i n t e d  a  d i r e c t o r  soon
a f t e r .  S t a n l e y  E lm ore  and McDermott h e l d  b e tw e e n  them
more t h a n  h a l f  o f  t h e  s y n d i c a t e ’ s 2 2 0 ,0 0 0  o r d i n a r y
s h a r e s .  I t s  a s s e t s  c o n s i s t e d  of  t h e  v a r i o u s  p a t e n t s
t o g e t h e r  w i t h  some £ 1 6 ,0 0 0  i n v e s t e d  i n  B r i t i s h  and
F r e n c h  governm en t  s e c u r i t i e s  and a s m a l l  income from
27p l a n t s  s t i l l  w o r k i n g .  By t h i s  t im e  even  t h e
s u c c e s s f u l  Elmore vacuum m a c h in e s  were  b e i n g  r e p l a c e d
by  im p ro v ed  e q u ip m en t  from M i n e r a l s  S e p a r a t i o n  L t d .
The l a s t  vacuum p l a n t  i n  A u s t r a l i a  went  o u t  o f  use
a t  t h e  B r i t i s h  B roken  H i l l  mine i n  Marhh 1913 ,  a
M i n e r a l s  S e p a r a t i o n  p l a n t  coming i n t o  o p e r a t i o n  
28i n  November.
P e r h a p s  s u r p r i s i n g l y ,  t h e r e f o r e ,  t h e  p a t e n t  r i g h t s  
t o  t h e  vacuum p r o c e s s  p r o v e d  t o  be o f  c o n s i d e r a b l e  
v a l u e ,  b e i n g  s o l d  i n  May 1916 t o  a  g ro u p  r e p r e s e n t i n g  
t h e  m a jo r  c o p p e r  m in in g  com pan ies  o f  t h e  U n i t e d  S t a t e s  
To a p p r e c i a t e  why su ch  p r a c t i c a l  b u s i n e s s m e n  s h o u l d  
pay  $ 5 0 ,0 0 0  f o r  t h e  r i g h t s  t o  an o u t d a t e d  p r o c e s s ,  i t  
i s  n e c e s s a r y  t o  f o l l o w  t h e  d i f f i c u l t  p a t h  by  which  
f l o t a t i o n  was i n t r o d u c e d  i n t o  A m e r ic a .
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VI I  -  I n  M i l l  and C o u r th o u s e
A l th o u g h  t h e r e  was much i n t e r e s t  i n  t h e  new p r o c e s s ,  i t  
was n o t  u n t i l  1911 t h a t  f r o t h  f l o t a t i o n  a s  i t  h a d  b e e n  
d e v e lo p e d  a t  B roken  H i l l  was i n t r o d u c e d  t o  t h e  U n i t e d  
S t a t e s .  The l i n k  be tw en  A u s t r a l i a  and t h e  new w o r ld  was 
p r o v i d e d  by  H e r b e r t  C la r k e  H o o ve r ,  t h e n  m anag ing  
d i r e c t o r  o f  t h e  Z inc  C o r p o r a t i o n .  The r o u t e  by  w hich  
f l o t a t i o n  was i n t r o d u c e d  was complex and gave  r i s e  t o  
y e t  more p e r s o n a l  b i t t e r n e s s  and e x p e n s i v e  l i t i g a t i o n ,  
b u t  t h e  c r e d i t  f o r  b u i l d i n g  t h e  f i r s t  f r o t h  f l o t a t i o n  
p l a n t  i n  t h e  U .S .A .  b e l o n g s  t o  James M. Hyde, a  m in in g  
e n g i n e e r  who h a d  b e en  a  c l a s s m a t e  o f  H o o v e r ' s  b r o t h e r  
T heodore  a t  S t a n f o r d  U n i v e r s i t y  i n  1901.
T heodore  was c o n s u l t i n g  e n g i n e e r  t o  M i n e r a l s  S e p a r ­
a t i o n  L t d .  and h ad  d e s i g n e d  t h e  a p p a r a t u s  t h a t  became 
t h e i r  s t a n d a r d  form o f  a p p a r a t u s .  Hyde v;as w o r k in g  i n  
Mexico ,  b u t  a t  H o o v e r ' s  s u g g e s t i o n  came t o  London i n  
J a n u a r y  1910 t o  meet w i t h  Jo h n  B a l l o t ,  c h a i rm a n  of  
M i n e r a l s  S e p a r a t i o n ,  who was s e e k i n g  t o  e xpand  t h e  
com p an y 's  o p e r a t i o n  now t h a t  t h e  l e g a l  c h a l l e n g e  o f  t h e  
E lm ores  h a d  b e e n  overcome and many t e c h n i c a l  p ro b le m s  
s o l v e d .  To t h i s  end Hyde e n t e r e d  i n t o  a  c o n t r a c t  w i t h  
M i n e r a l s  S e p a r a t i o n ;  he was t o  r e t u r n  t o  Mexico f o r  one 
y e a r  t o  l o o k  f o r  m ines  o r  dumps of  t a i l i n g s  t h a t  c o u ld  
p r o f i t a b l y  be worked by  f l o t a t i o n .  He was t o  buy or 
l e a s e  them i n  p o s s i b l e ,  o r  i f  n o t  t o  p rom ote  t h e  u se  of  
t h e i r  p r o c e s s  by m in in g  com pan ies  on a r o y a l t y  b a s i s .
PLATE 19 
James M. Hyfle
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Hyde s p e n t  two m onths  i n  London, b e i n g  shown t h e
com p an y 's  p r o c e s s  b o t h  i n  t h e  t e s t i n g  works  and t h e
l a b o r a t o r y ,  and a i d i n g  T h eodore  Hoover i n  t h e  d e s i g n
o f  a  t e s t i n g  c e l l  known as  t h e  s l i d e  m ach in e  w h ich  was
i n t e n d e d  t o  r e p r o d u c e  t h e  f r o t h i n g  p r o c e s s  on a
l a b o r a t o r y  s c a l e .  They d e v e lo p e d  a  s e r i e s  o f  t e s t s
u s i n g  t h i s  m ach ine  and Hyde a r r a n g e d  t o  h av e  s e v e r a l
b u i l t  t o  t a k e  w i t h  him t o  M exico ,  b u t  t h e  f u l l  s c a l e
1f l o t a t i o n  t r i a l s  he w i t n e s s e d  were f a i l u r e s .
H y d e ' s  work i n  Mexico was t h o r o u g h  b u t  i n c o n c l u s i v e
and M i n e r a l s  S e p a r a t i o n  r e c a l l e d  him t o  London n e a r  t h e
end of  h i s  y e a r ' s  c o n t r a c t .  The d i r e c t o r s  were  p l a n n i n g
t o  l a u n c h  a  company i n  n o r t h  Am erica  t o  a dv an ce  t h e i r
p r o c e s s  and w is h e d  t o  d i s c u s s  a  new c o n t r a c t  i n
r e l a t i o n  t o  t h i s  p r o j e c t .  At t h i s  t i m e ,  h o w e v e r ,  a
d i s p u t e  e r u p t e d  b e t w e e n , t h e  company and T h eo d ore  Hoover
who was eng ag ed  on p r o f e s s i o n a l  work i n  R u s s i a .  Hyde,
a s  an  o l d  f r i e n d ,  t o o k  H o o v e r ' s  s i d e  i n  h i s  a b se n c e  and
a s  a  r e s u l t  became so a n g e r e d  a t  t h e  company t h a t  he
r e f u s e d  t o  renew  h i s  c o n t r a c t .  Hoover  a l s o  s e v e r e d  a l l
c o n n e c t i o n  w i t h  M i n e r a l s  S e p a r a t i o n  on h i s  r e t u r n ,  and
i n  t h e  f o l l o w i n g  y e a r  he p u b l i s h e d  h i s  book on
C o n c e n t r a t i n g  Ores by F l o t a t i o n , t h e  f i r s t  s u b s t a n t i a l
t e x t  on t h e  s u b j e c t  and one h i s  fo r m e r  e m p lo y e r s  would
2
have  p r e f e r r e d  u n p u b l i s h e d .
The p o s t  o f  c h i e f  e n g i n e e r  of  t h e  new M i n e r a l s  
S e p a r a t i o n  N o r th  American  S y n d i c a t e  was g i v e n  t o  
Edward H. N u t t e r ,  who was a l s o  a  c l a s s m a t e  o f  Hyde
- 1 9 2 -
and Hoover and  h a d  "been engaged a t  t h e  same t i m e  as  
Hyde and s e n t  t o  s t u d y  t h e  p r o c e s s  a t  B roken  H i l l .  V/hen 
H yde’ s c o n t r a c t  e n d e d ,  T h e o d o r e ’ s b r o t h e r  i n v i t e d  him 
t o  j o i n  t h e  s t a f f  o f  Bew ick ,  M ore ing  and i n  March 1911 
Hyde s a i l e d  f o r  Hew York w i t h  H e r b e r t  H o o v e r .  On t h e i r  
a r r i v a l  Hoover  was i n v i t e d  t o  j o i n  i n  t h e  f i n a n c i n g  of  
a  bond i s s u e  f o r  t h e  dev e lo p m en t  o f  t h e  B u t t e  and 
S u p e r i o r  company’ s mine a t  B u t t e ,  M ontana ,  and  he s e n t  
James Hyde w i t h  t h e  m in in g  company’ s e n g i n e e r  Amor 
Kuehn t o  exam ine  t h e  h o l d i n g s .
The Montana  m in in g  f i e l d s  h a d  b e e n  d i s c o v e r e d  d u r i n g  
t h e  1860s and 1870s and were by  1910 r e s p o n s i b l e  f o r  t h e  
p r o d u c t i o n  o f  a b o u t  o n e - t h i r d  of  t h e  U n i t e d  S t a t e s ’ 
o u t p u t  o f  c o p p e r ,  a n o t h e r  o n e - t h i r d  coming from t h e  
Lake S u p e r i o r  d i s t r i c t .  I n  i t s  e a r l y  days  t h e  r e g i o n  
had  b e e n  worked  f o r  a  l e a d  o re  r i c h  i n  s i l v e r ,  w i t h  t h e  
c o p p e r  b e i n g  fo u n d  l a t e r  a t  d e p t h .  The B l a c k  Rock and  
Elm O r lu  m in e s  were on t h e  f r i n g e  o f  t h e  m i n e r a l  f i e l d  
a ro u n d  B u t t e ,  b u t  i n  a  zone where  z i n c  b l e n d e  was fo u n d  
b e n e a t h  t h e  l e a d  i n  p l a c e  o f  t h e  c o p p e r .
I t  was e x p e c t e d  t h a t  co p p er  would  be f o u n d  be low  t h e  
z in c  and i n  1906 t h e  B u t t e  and S u p e r i o r  Copper  Company 
was fo rm ed  t o  e x p l o r e  t h e  B la c k  Rock mine f o r  c o p p e r .
A s h a f t  was sunk 800 f e e t  b u t  l a t e r a l  work from i t s  b a s e  
d u r i n g  1907 fo u n d  o n ly  more z i n c  o r e ;  by  t h e  b e g i n n i n g  
o f  1908 s u f f i c i e n t  r e s e r v e s  of  z i n c  had  b e e n  p r o v e d  t o  
change  t h e  o r i g i n a l  p l a n s .  The s h a f t  was sunk  t o  1 ,6 0 0  
f e e t  d u r i n g  1910 and 1911 and i t  was e s t a b l i s h e d  t h a t
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t h e  mine p o s s e s s e d  more t h a n  one m i l l i o n  t o n s  of  o re  
w i t h  an a s s a y  v a l u e  t h a t  a v e r a g e d  2 1 .7  p e r  c e n t  z i n c  
w i t h  7 . 9  o u n c es  o f  s i l v e r  t o  t h e  t o n .  T h ere  was no 
u s e f u l  amount o f  c o p p e r ,  h u t  t h e  z i n c  o f f e r e d  g r e a t  
p o t e n t i a l  p r o v i d e d  i t  c o u ld  be c o n c e n t r a t e d  e f f i c i e n t l y .
The o re  was m i l l e d  a t  t h e  B a s i n  R e d u c t i o n  Company's  
m i l l  a t  B a s i n ,  a b o u t  30 m i l e s  n o r t h  o f  B u t t e ,  which  
had  b e e n  l e a s e d  by t h e  B u t t e  and S u p e r i o r  company i n  
1909 . I t  was a  t y p i c a l  g r a v i t y  c o n c e n t r a t i o n  m i l l  
e q u ip p e d  w i t h  jaw c r u s h e r s  and r o l l s  t o  b r e a k  t h e  o re  
which  was f e d  t o  j i g s  and V / i l f l e y  t a b l e s .  The t a i l i n g s  
were  g ro u n d  and t r e a t e d  on v a n n e r s ,  b u t  t h e  m i l l ' s  
c l a s s i f i e r s  were i n e f f i c i e n t  and h a d  n o t  t h e  c a p a c i t y  
t o  t r e a t  a l l  t h e  m a t e r i a l .  As a  r e s u l t  t h e  b e s t  
r e c o v e r y  v/as o n ly  a b o u t  65 p e r  c e n t  o f  t h e  z in c  i n  a  
c o n c e n t r a t e  t h a t  a s s a y e d  a t  49 p e r  c e n t  z i n c .  T h i s  
compared b a d l y  w i t h  t h e  r e c o v e r i e s  o f  75 p e r  c e n t  and 
b e t t e r  t h a t  were r e g u l a r l y  a c h i e v e d  a t  B roken  H i l l .
Nor was t h i s  c o m p a r i s o n  an i d l e  on e ,  f o r  t h e  o re  
v/as s i m i l a r  t o  t h a t  a t  B roken  H i l l  a l t h o u g h  l a c k i n g  i n  
l e a d .  The z i n c  was fo u n d  as  t h e  s u l p h i d e  b l e n d e  
s p h a l e r i t e  which  was s p r e a d  f i n e l y  t h r o u g h  t h e  q u a r t z  
b a s e d  r o c k .  I f  t h e  mine were  t o  be p r o f i t a b l y  d e v e lo p e d  
i t  was e s s e n t i a l  t o  im prove  r e c o v e r i e s  and so when 
H e r b e r t  Hoover v/as i n v i t e d  t o  p a r t i c i p a t e  i n  i t s  
f i n a n c e  he i n s t r u c t e d  James Hyde ' t h a t  he  was t o  t a k e  
p a r t  i n  t h e  e x a m i n a t i o n  of  t h e  m in e ,  and p a r t i c u l a r l y  
t o  l o o k  i n t o  t h e  m e t a l l u r g y  of  t h e  o re  . . .  t o  t r y  a l l
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of  t h e  v a r i o u s  f l o t a t i o n  m e t h o d s . ’ ^
Hyde commenced h i s  t e s t s  a t  t h e  mine d u r i n g  May o f  
1911 and o r e  sam p le s  were s e n t  t o  Edward N u t t e r ,  who 
h ad  e s t a b l i s h e d  a  l a b o r a t o r y  a t  San E r a n s i s c o  f o r  t h e  
M i n e r a l s  S e p a r a t i o n  N o r th  Am erican  S y n d i c a t e .  N u t t e r  
r e p o r t e d  t h a t  a  r e c o v e r y  of  more t h a n  95 p e r  c e n t  was 
p o s s i b l e  by  means o f  f r o t h  f l o t a t i o n ,  b u t  M i n e r a l s  
S e p a r a t i o n  a sk e d  such  a  h i g h  r o y a l t y  f o r  t h e i r  p r o c e s s  
-  a b o u t  25 c e n t s  p e r  t o n  o f  o re  -  t h a t  B u t t e  and 
S u p e r i o r  d i d  n o t  p r o c e e d  w i t h  full s c a l e  t r i a l s .  H y d e ' s  
own t e s t s  u s i n g  t h e  s l i d e  m ach ine  a g r e e d  w i t h  N u t t e r ' s  
r e s u l t s  and he so r e p o r t e d  t o  H e r b e r t  H oo v e r ,  b u t  by  
t h e n  Hoover  h ad  c e a s e d  t o  have  any i n v o lv e m e n t  w i t h  t h e  
mine* The B u t t e  and S u p e r i o r  company s o u g h t  t o  o b t a i n  a  
copy o f  H y d e ' s  r e p o r t  and e v e n t u a l l y  Hyde l e f t  Hoover  
and was e n g ag ed  d i r e c t l y  by B u t t e  and S u p e r i o r  t o  
cond u c t  f u r t h e r  t r i a l s .
F l o t a t i o n  r e m a in e d  t h e  b r i g h t e s t  p r o s p e c t  f o r  
im p ro v in g  t h e  com pany 's  f o r t u n e s  and Hyde was a s k e d  t o  
b u i l d  an e x p e r i m e n t a l  f l o t a t i o n  p l a n t  o f  50 t o n s  d a i l y  
c a p a c i t y  a t  t h e  B a s i n  m i l l .  T h i s  was t h e  f i r s t  
com m erc ia l  f r o t h  f l o t a t i o n  p l a n t  i n  t h e  U n i t e d  S t a t e s  
and i t s  d e s i g n  was b a s e d  on t h e  m a c h in e r y  d e s i g n e d  by  
Hoover and w i t h  v/hich Hyde was f a m i l i a r .  I t  was a l s o  
s i g n i f i c a n t l y  d i f f e r e n t  i n  t h a t  i t  was b u i l t  i n  two 
s e c t i o n s .  I n s t e a d  of  s im p ly  b e i n g  a g i t a t e d  t h r o u g h  a  
number of  c e l l s  and t h e n  f e d  t o  a  s e p a r a t i n g  box a s  i n  
H o o v e r ' s  m a c h in e ,  a  p r o c e s s  t h a t  n e e d e d  s e v e r a l
PLATE 20
A p h o to g r a p h  of  James H y d e 's  f l o t a t i o n  p l a n t  
a t  t h e  B u t t e  and S u p e r i o r  Copper C o . ' s  m i l l  a t  
B a s i n ,  Montana,  t a k e n  by J e s s e  C. G ibson on 
C h r i s tm a s  day,  1911
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f r o t h i n g s  and f l o a t i n g s  b e f o r e  a  s a t i s f a c t o r y  r e c o v e r y  
v/as a c h i e v e d ,  i n  H y d e ' s  p l a n t  t h e  o re  p u l p  p a s s e d  
b e tw e e n  a  s e r i e s  o f  r o u g h e r  and c l e a n e r  c e l l s  w h ich  
o p e r a t e d  t o g e t h e r .
The p u l p  was f i r s t  f r o t h e d  i n  t h e  r o u g h e r  c e l l  and 
t h e  f r o t h  o v e r f l o w e d  t o  a  s e c o n d a r y  c l e a n e r  c e l l  w h i l e  
t h e  t a i l i n g s  went t o  w a s t e .  I n  t h e  c l e a n e r  c e l l  t h e  
m a t e r i a l  was a g a i n  f r o t h e d  and t h e  o v e r f l o w  c o l l e c t e d  
a s  a  p r o d u c t  c o n c e n t r a t e  w h i l e  t h e  t a i l i n g s  were  f e d  
back  t o  t h e  r o u g h e r  c e l l  f o r  f u r t h e r  t r e a t m e n t .  T h i s  
sys tem  o f f e r e d  a  much c l e a n e r  c o n c e n t r a t e  t h a n  d i d  t h e  
com p arab le  M i n e r a l s  S e p a r a t i o n  m a c h in e r y  and was t o  be 
g e n e r a l l y  a d o p te d  i n  l a t e r  f l o t a t i o n  p l a n t s ;  Hyde
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p a t e n t e d  t h e  a r r a n g e m e n t  i n  November 1911 and 
commented t h a t  ' t h e  t h o u g h t  o c c u r r e d  t o  me t h a t  i f  
t h e  f r o t h  which  was f i r s t  fo rm ed  was r e t r e a t e d  by  
i t s e l f ,  i t  would  be p o s s i b l e  t o  d i s e n t a n g l e  and d rop  
ou t  a  c o n s i d e r a b l e  amount o f  f r e e  gangue  p a r t i c l e s ' . 
The t h o u g h t ,  s im p le  i n  p r i n c i p l e  l i k e  so many o f  t h e  
i d e a s  u n d e r l y i n g  f l o t a t i o n ,  p r o v e d  t o  be t h e  s a l v a t i o n  
o f  H y d e ' s  p l a n t .  J e s s e  C. G ib so n ,  t h e  m i l l  f o r e m a n ,  
r e c a l l e d  t h a t  when t h e  5 0 - t o n  p i l o t  p l a n t  was s t a r t e d  
a t  t h e  b e g i n n i n g  of  August  1911:
t h e  f i r s t  c a r l o a d  o f  f l o t a t i o n  c o n c e n t r a t e s  t h a t  
t h e y  made a s s a y e d  o n ly  30 p e r  c e n t  z i n c .  S in c e  t h e  
l o w e s t  g r a d e  a c c e p t a b l e  by  t h e  s m e l t e r  a t  B a r t l e s ­
v i l l e ,  Oklahoma, was 4 9 .5  p e r  c e n t ,  t h e  c a r l o a d
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was p r o m p t ly  u n l o a d e d .  At t h a t  p o i n t ,  C a p t a i n  
A.B, V/olvin, t h e  p r o m o te r  o f  t h e  v e n t u r e ,  h a d  a  
m e e t in g  t o  d i s c u s s  t h e  m a t t e r  w i t h  M.W. A t w a t e r ,  t h e  
g e n e r a l  m anager ;  P.M. C o l l i n s ,  t h e  m i l l  s u p e r i n ­
t e n d e n t  ; and Mr Hyde.  A f t e r  t h e  m e e t i n g  Mr Hyde 
came ou t  t o  t h e  m i l l  t o  d i s c u s s  t h e  g r a v e  p rob lem  
w i t h  M ess rs  G ibson  and Thomas B y r n e s ,  t h e  f l o t a t i o n  
o p e r a t o r s .  He t o l d  them t h a t  t h e  o p e r a t i o n  was 
t h r o u g h  u n l e s s  so m e th in g  c o u ld  be done t o  make an 
a c c e p t a b l e  g r a d e  c o n c e n t r a t e .  A f t e r  e x t e n s i v e  
d i s c u s s i o n s ,  t h e  i d e a  o f  r e f l o a t i n g  t h e  c o n c e n t r a t e  
was c o n c e iv e d .  Mr Hyde t h e n  went b a ck  t o  see  C a p t a i n  
V/olvin t o  t r y  t o  o b t a i n  more money so t h a t  t h e  
c l e a n e r  c e l l s  m ig h t  be b u i l t .  C a p ta in  V/olvin gave 
him 1 150 t o  do t h e  j o b .  Mr Gibson  s a i d  t h a t  t h e y  
went ove r  t o  t h e  o l d  G l a s s  B r o t h e r s  S m e l t e r  and 
o b t a i n e d  p i e c e s  o f  s c r a p  from which t h e y  c o n s t r u c t e d  
t h e  f i r s t  c l e a n e r  c e l l s .  The f i r s t  t im e  t h e s e  
c l e a n e r  c e l l s  were o p e r a t e d ,  t h e y  p ro d u c e d  
c o n c e n t r a t e s  a s s a y i n g  54 p e r  c e n t  z i n c . ^
The f e e d  t o  t h i s  p l a n t  c o n s i s t e d  of  s l i m e s  t o  which  
s u l p h u r i c  a c i d  h a d  b e e n  added  and t h e n  t h i c k e n e d  from 
b e tw ee n  20 t o  100 p a r t s  o f  w a t e r  t o  one of  o re  down t o  
a b o u t  t h r e e  t o  o n e .  T h i s  t h i c k e n e d  p u l p  was f e d  t o  t h e  
f i r s t  compartment  o f  t h e  r o u g h e r  c e l l  and h e a t e d  by 
steam t o  a bou t  8 5 ^ P .  Crude o l e i c  a c i d  was added  i n  
t h i s  c e l l  t o  e n c o u r a g e  f l o t a t i o n  and t h e  f r o t h  c o l l e c t e d
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as  i n  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  w hich  w i t h  t h e  
m ajo r  e x c e p t i o n  o f  t h e  r o u g h e r - c l e a n e r  sy s te m  H y d e ' s  
p l a n t  c l o s e l y  r e s e m b l e d .
I t  so c l o s e l y  echoed  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  
t h a t  a f t e r  i t  h a d  b e e n  i n  o p e r a t i o n  f o r  o n ly  t e n  days 
Edward N u t t e r  a r r i v e d  from San E r a n s i s c o  on an e v e n i n g  
t r a i n .  He made h i s  way t o  t h e  m i l l  and  w a tc h e d  t h e  
f l o t a t i o n  p l a n t  t h r o u g h  windows and c r a c k s  i n  t h e  
wooden b o a r d i n g  of  t h e  w a l l s  f o r  a b o u t  an h o u r .  Around 
m id n ig h t  he c r e p t  i n t o  t h e  m i l l  f o r  a  c l o s e r  l o o k  and 
t o  t r y  t o  d i s c o v e r  e x a c t l y  what c h e m ic a l s  w ere  b e i n g  
u s e d .  He was q u i c k l y  s p o t t e d  by J e s s e  G ib so n  and 
e j e c t e d  by some o f  t h e  h a n d s ,  b u t  N u t t e r  d i d  manage t o  
g rab  a  sample  of  f r o t h  f o r  a n a l y s i s .  As a  r e s u l t  t h e  
M i n e r a l s  S e p a r a t i o n  s y n d i c a t e  f i l e d  s u i t  a g a i n s t  Hyde 
on 3 O c to b e r  1911 a l l e g i n g  i n f r i n g e m e n t  o f  t h e i r  
p r i n c i p a l  U .S .  p a t e n t  n o .  8 2 4 ,1 2 0  g r a n t e d  s i x  y e a r s  
e a r l i e r .  I t  was t h e  f i r s t  s h o t  i n  what was t o  be a  
l e n g t h y ,  b i t t e r  and e x p e n s i v e  s e r i e s  o f  l e g a l  b a t t l e s  
f o u g h t  t h r o u g h  t h e  c o u r t s  o f  t h e  U n i t e d  S t a t e s .
T h i s  t r o u b l e d  B u t t e  and  S u p e r i o r  b u t  l i t t l e  i n  t h e  
f a c e  o f  t h e i r  im m edia te  f i n a n c i a l  d i f f i c u l t i e s .  They 
had  p r e s s e d  a h ead  w i t h  t h e  c o n s t r u c t i o n  of  a  l a r g e r  
f l o t a t i o n  p l a n t  o f  200 t o n s  d a i l y  c a p a c i t y  w h ich  came 
i n t o  o p e r a t i o n  a t  t h e  B a s i n  m i l l  on 10 O c to b e r  1911, 
one week a f t e r  t h e  s u i t  was f i l e d ;  i t  was p h o t o g r a p h e d  
by J e s s e  G ibson  on C h r i s t m a s  Day t h a t  y e a r .  A l th o u g h  
t h e  r e s u l t s  from t h i s  p l a n t  were  n o t  c o n s i s t e n t  from
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day t o  d a y ,  i t  was d e c i d e d  t o  use  f l o t a t i o n  a t  a  new 
m i l l  t o  be b u i l t  a t  t h e  B u t t e  B la c k  Rock m in e .  T h i s  was 
n e e d e d  u r g e n t l y  a s  t h e  l e a s e  on t h e  B a s i n  m i l l  e x p i r e d  
i n  J u l y  1912 .  I t  v/as d e s i g n e d  f o r  a  c a p a c i t y  o f  1 ,2 00  
t o n s  d a i l y  and b u i l t  w i t h  two s e c t i o n s  e a c h  of  600 t o n s  
c a p a c i t y  so i t  would  n o t  have  t o  be s h u t  down f u l l y  
f o r  r e p a i r  and m a i n t e n a n c e .  The f i r s t  s e c t i o n  came i n t o  
u s e  i n  Ju n e  1912 and t h e  s e co n d  a t  t h e  end of  t h e  y e a r .
T h i s  p l a n t  i n c o r p o r a t e d  t h e  most  modern t e c h n i q u e s  
o f  g r a v i t y  c o n c e n t r a t i o n  and t o g e t h e r  w i t h  t h e  
f l o t a t i o n  s e c t i o n  i t  gave  an o v e r a l l  r e c o v e r y  o f  z i n c  
t h a t  r o s e  t o  o v e r  90 p e r  c e n t  by t h e  end o f  1913 ,  i t s
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f i r s t  f u l l  y e a r  o f  o p e r a t i o n .  D u r ing  1914 r e c o v e r i e s  
r o s e  t o  more t h a n  92 p e r  c e n t ,  b u t  by t h a t  t im e  Jamas 
Hyde h a d  l e f t  t h e  employ of  t h e  B u t t e  and S u p e r i o r  
company. H i s  a c h ie v e m e n t  had  b e en  r e m a r k a b l e ,  f o r  a t  
t h e  f i r s t  a t t e m p t  i n  t h e  U n i t e d  S t a t e s  f r o t h  f l o t a t i o n  
h a d  p r o v e d  s u c c e s s f u l  i n  t r e a t i n g  an o t h e r w i s e  
d i f f i c u l t  o r e ,  a l b e i t  an o re  t h a t ,  c o n t a i n e d  v e r y  l i t t l e  
p y r i t e  and so was w e l l  s u i t e d  t o  f l o t a t i o n  m ethods  a s  
t h e y  were  t h e n  u n d e r s t o o d .  Hyde was a l s o  f o r t u n a t e  i n  
h a v i n g  t h e  f u l l  s u p p o r t  o f  h i s  e m p lo y e r s  who were a l r e a d y  
c o n d i t i o n e d  by  f i n a n c i a l  a d v e r s i t y  t o  c o n s i d e r  
f a v o u r a b l y  any new p r o c e s s .
D u r in g  t h i s  t im e  t h e  p a t e n t  i n f r i n g e m e n t  s u i t  
a g a i n s t  Hyde rum b led  on,  f i n a l l y  coming t o  t r i a l  i n  
t h e  D i s t r i c t  Cour t  o f  Montana a t  B u t t e  i n  t h e  summer 
of  1913 . H e r b e r t  H oo ve r ,  James Hyde h i m s e l f  and  many
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o t h e r s  were c a l l e d  a s  w i t n e s s e s  and i t  was from t h e i r
t e s t i m o n y  t h a t  much of  t h e  e a r l y  h i s t o r y  o f  f l o t a t i o n
a t  B u t t e  was r e v e a l e d  h u t ,  as  Theodore  Hoover  o b s e r v e d ,
' t h e r e  does  n o t  seem t o  be any l o g i c a l  r e a s o n  why t h i s
s u i t  was b r o u g h t  a g a i n s t  Hyde, a s  he was n o t  t h e  u s e r  .
o f  any p r o c e s s ,  and h a d  no i n t e r e s t  i n  t h e  company
8t h a t  was t h e  u s e r ' • The c a se  was h e a r d  by Judge
B o u rq u in  and , a s  i n  t h e  Elmore  s u i t s ,  much o f  t h e
argum ent  c e n t r e d  on t h e  t w i n  q u e s t i o n s  of  w h e t h e r  t h e
M i n e r a l s  S e p a r a t i o n  p a t e n t  i n  f a c t  c o v e r e d  what  Hyde
h a d  done and w h e th e r  t h a t  p a t e n t  was v a l i d  i n  t h e  l i g h t
o f  e a r l i e r  p a t e n t s . On 28 J u l y  B o u rq u in  d e l i v e r e d  a
sw eep ing  judgem ent  w hich  r e s t e d  l a r g e l y  on w h e th e r
A lc id e  E r o m e n t ' s  B r i t i s h  p a t e n t  n o .  12 ,778  o f  1902
r e p r e s e n t e d  an a n t i c i p a t i o n  as  c la im e d  by  H y d e ' s
l a w y e r s .  B o u r q u in  r e j e c t e d  t h i s  a rg um en t ,  f i n d i n g  t h a t
t h e  M i n e r a l s  S e p a r a t i o n  p a t e n t  was v a l i d  ' i n  r e s p e c t  t o
a l l  c l a im s  i n  i s s u e '  and s i g n i f i c a n t l y  d i f f e r e n t  from
any t h a t  h a d  come b e f o r e ,  p r i n c i p a l l y  i n  t h e  u s e  of  a
much s m a l l e r  q u a n t i t y  o f  o i l  t h a n  h a d  p r e v i o u s l y  b e e n
g
u s e d .  He f o u n d  t h a t  Hyde had  i n f r i n g e d .
James Hyde n a t u r a l l y  a p p e a l e d  a g a i n s t  t h i s  d e c i s i o n  
and t h e  c a s e  was r e h e a r d  b e f o r e  t h e  C our t  o f  A ppeal  f o r  
t h e  N in th  C i r c u i t  a t  San E r a n s i s c o  i n  1914 .  S i t t i n g  
were C i r c u i t  J u d g e s  G i l b e r t  and R o s s ,  w i t h  D i s t r i c t  
Judge D i e t r i c h ,  and T h eodore  Hoover commented t h a t  i t  
was ' t h e  f i r s t  t im e  t h a t  t h e  Cour t  h a s  t a k e n  a  b r o a d  
v iew  of a l l  t h e  p a t e n t s  h a v in g  a  b e a r i n g  on t h e  c a s e ' . ^^
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Ju d g e  G i l b e r t  p r o n o u n c e d  judgem ent  on 4 May, r e v e r s i n g
B o u r q u in * s  d e c i s i o n .  The C our t  o b s e r v e d  t h a t  ' t h e  f a c t
t h a t  t h e  a p p e l l e e s  ( M i n e r a l s  S e p a r a t i o n )  u s e  .a s m a l l e r
q u a n t i t y  o f  o i l  t h a n  was u s e d  i n  t h e  p r i o r  a r t  i s  n o t
of  i t s e l f  and  i s  n o t  c l a im e d  by  them t o  b e ,  s u f f i c i e n t
11t o  r e n d e r  . . . i t  p a t e n t a b l e ' .  The p a t e n t  e x a m in e r s  
h a d  r e j e c t e d  one of  t h e  c l a im s  of  t h e  M i n e r a l s  
S e p a r a t i o n  p a t e n t  a s  f i r s t  s u b m i t t e d  which  was b a s e d  
e x c l u s i v e l y  on t h e  u s e  o f  a  f r a c t i o n  o f  one p e r  c e n t  
of o i l  w i t h o u t  r e f e r e n c e  t o  a g i t a t i o n  or  f r o t h .  I n  
v iew  o f  t h i s  G i l b e r t  s a i d ;
we h o l d  t h a t  t o  s u s t a i n  t h e  a p p e l l e e ' s  p a t e n t  would  
be t o  g i v e  t h e  ov/ners t h e r e o f  a  monopoly  o f  t h a t  
which o t h e r s  h a d  d i s c o v e r e d .  V/hat t h e y  c l a im  t o  be 
new and u s e f u l  . . .  i s  ' a g i t a t i n g  t h e  m i x t u r e  t o  
c ause  t h e  o i l y - c o a t e d  m i n e r a l  t o  form a  f r o t h '  •
As we h a v e  s e e n ,  t h a t  f e a t u r e  was c l e a r l y  
a n t i c i p a t e d  by  t h e  p r i o r  a r t ,  and when t h e  e l e m e n t s  
o f  t h e  a p p e l l e e ' s  c l a im s  a r e  r e a d  one by  one i t  w i l l  
be f o u n d  t h a t  e a c h  s t e p  i n  t h e  p r o c e s s  i s  f u l l y  
d e s c r i b e d  i n  more t h a n  one o f  t h e  p a t e n t s  o f  t h e  
p r i o r  a r t ,  w i t h  t h e  s i n g l e  e x c e p t i o n  of  t h e  r e d u c e d  
q u a n t i t y  o f  o i l  w hich  t h e y  u s e .
Che p a t e n t e e s  h a d  'made a  v a l u a b l e  c o n t r i b u t i o n  t o  t h e  
a r t  i n  d i s c o v e r i n g  t h e  s m a l l e s t  q u a n t i t y  o f  o i l  w h ich  
vould p r o d u c e  t h e  d e s i r e d  r e s u l t .  I n  d o in g  so t h e y  
pursued  t h e  c o u r s e  w h ich  a l l  s k i l l f u l  m e t a l l u r g i s t s
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would  be e x p e c t e d  t o  p u r s u e .  They made a  s e r i e s  o f  
e x p e r i m e n t s  t o  d e t e r m i n e  how s m a l l  a  q u a n t i t y  o f  o i l  
c o u l d  be u se d  s u c c e s s f u l l y ' , b u t  f o r  t h a t  a l o n e  t h e y  
c o u ld  n o t  ' t a k e  from o t h e r s  t h e  r i g h t  t o  u s e  o i l  
e c o n o m i c a l l y ' .  The a p p e a l  was t h u s  a l l o w e d  i n  H y d e ' s  
f a v o u r  s i n c e  t h e  p a t e n t  he h a d  a l l e g e d l y  i n f r i n g e d  
was d e c l a r e d  i n v a l i d .
T h i s  was a  g r e a t  blow t o  M i n e r a l s  S e p a r a t i o n  a t  a
t i m e  when many m in in g  com pan ies  were  i n t e r e s t e d  i n
m aking  u se  of  t h e i r  p r o c e s s  and t h e y  made a p p l i c a t i o n
f o r  t h e  c a s e  t o  be r e v i e w e d  by  t h e  Supreme C o u r t  o f  t h e
U n i t e d  S t a t e s .  I t  was a r g u e d  i n  O c to b e r  1916 and t h e
C o u r t ' s  d e c i s i o n  was r e a d  by  Mr J u s t i c e  C l a r k e  on 
1 211 Decem ber .  I t  h e l d  t h a t  t h e  M i n e r a l s  S e p a r a t i o n  
p a t e n t  was v a l i d ,  b u t  o n ly  i n  so f a r  a s  i t  r e l a t e d  t o  
p r o c e s s e s  i n  w hich  v i o l e n t  a g i t a t i o n  and l e s s  t h a n  one 
p e r  c e n t  o f  o i l  were  u s e d  t o  o b t a i n  a  p e r s i s t e n t  f r o t h .  
T h i s  r e s t r i c t i o n  was j u s t i f i e d  b e c a u s e  t h e  C o u r t  
r e c o g n i s e d  t h a t  ' t h e r e  were many i n v e s t i g a t o r s  a t  work 
i n  t h e  f i e l d  t o  w hich  t h e  p r o c e s s  i n  s u i t  r e l a t e s  when 
t h e  p a t e n t e e s  came i n t o  i t ,  and i t  was w h i l e  engaged  i n  
s t u d y  o f  p r i o r  k i n d r e d  p r o c e s s e s  t h a t  t h e i r  d i s c o v e r y  
was made.  While  t h e  e v id e n c e  i n  t h e  c a se  makes i t  c l e a r  
t h a t  t h e y  d i s c o v e r e d  t h e  f i n a l  s t e p  which  c o n v e r t e d  
e x p e r i m e n t  i n t o  s o l u t i o n ,  " t u r n e d  f a i l u r e  i n t o  s u c c e s s " ,  
y e t  t h e  i n v e s t i g a t o r s  p r o c e e d i n g  were so i n f o r m i n g  
t h a t  t h i s  f i n a l  s t e p  was n o t  a  l o n g  o n e ' .
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T h u s ,  a l t h o u g h  n o t  t o t a l l y  v i n d i c a t e d ,  i n  a l l
p r a c t i c a l  r e s p e c t s  M i n e r a l s  S e p a r a t i o n  h a d  b e en
r e s t o r e d  t o  t h e i r  p o s i t i o n  of  p a t e n t  monopoly  i n  t h e
U n i t e d  S t a t e s .  Thomas R i c k a r d ,  who h a d  t a k e n  a  c l o s e
i n t e r e s t  i n  f l o t a t i o n  and w r i t t e n  f r e q u e n t l y  upon i t  as
owner and e d i t o r  o f  t h e  M in ing  and S c i e n t i f i c  P r e s s  o f
San E r a n s i s c o  and f o u n d e r  o f  t h e  London Mi n i n g
Ma g a z i n e ,  saw  t h e  a c t i o n s  and d e c i s i o n s  o f  t h e  Supreme
C o u r t  as  r e m a r k a b l e  i n  s e v e r a l  r e s p e c t s .  He commented
t h a t  * i n  g r a n t i n g  a  s u b m i s s i o n  o f  t h e  Hyde c a s e s  ( i t )
was i n f l u e n c e d  p r o b a b l y  by  t h e  f a c t  t h a t  M i n e r a l s
S e p a r a t i o n  h a d  j u s t  b e f o r e  t h e  a p p l i c a t i o n  • • • won
i t s  B r i t i s h  s u i t  a g a i n s t  t h e  E lm o res  b e f o r e  t h e  Law
Committee o f  t h e  P r i v y  C o u n c i l * .  E u r t h e r ,  * i t  h a p p en e d
t h a t  C h ie f  J u s t i c e  W hite  ( o f  t h e  Supreme C o u r t )  knew
L ord  H a ld an e  p e r s o n a l l y ,  and h a d  a g r e a t  r e s p e c t  f o r
h i s  acumen. I t  i s  e v i d e n t ,  from r e a d i n g  t h e  r e c o r d ,
t h a t  t h e  j u d g e s  were n o t  q u a l i f i e d  t o  t r y  t h i s  h i g h l y
t e c h n i c a l  c a s e ,  and t h e i r  f i n a l  d e c i s i o n  m ig h t  a s  w e l l
1 3have  gone one way or  t h e  o t h e r * .  N e v e r t h e l e s s ,  t h e  , 
d e c i s i o n  h a d  g r e a t l y  s t r e n g t h e n e d  t h e  p o s i t i o n  o f  
M i n e r a l s  S e p a r a t i o n ,  b o t h  i n  n e g o t i a t i o n  w i t h  m in in g  
com panies  and i n  s u i t s  a g a i n s t  t h em .  T h i s  was o f  t h e  
g r e a t e s t  i m p o r t a n c e ,  f o r  t h e  f i v e  y e a r s  s i n c e  James 
Hyde h a d  b u i l t  h i s  f i r s t  p l a n t  a t  t h e  B a s i n  m i l l  h a d  
s e e n  t h e  s p r e a d  o f  f l o t a t i o n  i n  t h e  U n i t e d  S t a t e s  and 
t h e  o u t b r e a k  o f  y e t  more l i t i g a t i o n .
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At B u t t e ,  t h e  p r o p e r t y  a d j o i n i n g  t h e  B l a c k  Rock mine 
h a d  b e e n  d e v e lo p e d  by  one o f  t h e  * c o p p e r  k in g s *  o f  
M o ntana ,  S e n a t o r  W il l i a m  A. C l a r k .  Here  h a d  b e e n  sunk  
t h e  Elm O r lu  mine from w hich  was r a i s e d  a  s i m i l a r  
z i n c - l e a d  s u l p h i d e  o re  p o s i n g  t h e  same p r o b le m s  i n  i t s  
t r e a t m e n t .  E x t e n s i v e  m i l l i n g  t e s t s  d u r i n g  1913 r e s u l t e d  
i n  t h e  d e s i g n  of  a  m i l l  s i m i l a r  t o  t h a t  o f  t h e  B u t t e  
and S u p e r i o r  and t h i s  new T im ber  B u t t e  m i l l  was opened 
i n  May 1914,  n e a r l y  two y e a r s  a f t e r  t h a t  on t h e  B l a c k  
Rock p r o p e r t y .  The f l o t a t i o n  s e c t i o n  h a d  b e e n  p l a n n e d  
and v/as o p e r a t e d  by  M i n e r a l s  S e p a r a t i o n  s t a f f ,  a  l i c e n c e  
and r o y a l t y  c o n t r a c t  h a v i n g  b e e n  a g r e e d .  I n  v i e w  o f  t h e  
s t r o n g  d e f e n c e  o f  i t s  own p a t e n t s ,  i t  i s  i r o n i c  t h a t  
t h e  f i r s t  c o m m erc ia l  p l a n t  b u i l t  i n  t h e  U n i t e d  S t a t e s  
by M i n e r a l s  S e p a r a t i o n  s h o u l d  h a v e  i n c l u d e d  a  r o u g h e r -  
c l e a n e r  a r r a n g e m e n t ,  t h u s  d i r e c t l y  i n f r i n g i n g  James 
Hyde *s p a t e n t  o f  1911 .
D e s p i t e  t h e  s u c c e s s  o f  f r o t h  f l o t a t i o n  i n  t r e a t i n g  
t h e s e  low g r a d e  z i n c  s u l p h i d e  o r e s  t h e  s p r e a d  of  t h e  
p r o c e s s  t o  t h e  m a jo r  e x i s t i n g  m in e s  of  t h e  U .S .A .  was 
s l o w .  About  h a l f  o f  t h e  n a t i o n a l  o u t p u t  o f  z i n c  came 
from m in e s  i n  t h e  M i s s i s s i p p i  v a l l e y  where  g r a v i t y  
c o n c e n t r a t i o n  was e c o n o m ic a l  and t r u s t e d  f o r  t h e  
t r e a t m e n t  o f  much r i c h e r  o r e s .  T h e r e  v/as f a r  g r e a t e r  
f i n a n c i a l  i n c e n t i v e  f o r  t h e  c o p p e r  m in in g  co m pan ies  t o  
t r y  t h e  new p r o c e s s  w h ich  p r o m i s e d ,  and as  Pope Yeatman 
r e f l e c t e d  i n  1932 h a d  d e l i v e r e d ,  more f o r  t h e  co p p e r  
i n d u s t r y  * i n  so f a r  a s  i n c r e a s e d  r e c o v e r i e s  and r e d u c e d
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c o s t s  a r e  c o n c e r n e d ,  t h a n  any  o t h e r  s i n g l e  f a c t o r  
d u r i n g  t h e  p a s t  tw e n ty  y e a r s * . H o w e v e r ,  e a r l y  
a t t e m p t s  t o  a p p l y  f r o t h  f l o t a t i o n  t o  s u l p h i d e  co p per  
o r e s  h a d  f a i l e d .  I n  1909 t r i a l s  by  M i n e r a l s  S e p a r a t i o n  
a t  t h e  G r e a t  E i t z r o y  mine i n  Q u e e n s la n d  and t h e  
C a u ca u su s  Copper Company*s mine a t  D z a n z u l ,  R u s s i a ,  
w ere  b o t h  d i s s a p p o i n t i n g ,  as  were e x p e r i m e n t s  i n  t h e  
London l a b o r a t o r i e s .  The g r e a t  p ro b lem  was t h a t  when 
u s i n g  o i l s  and a c i d s  t h e  a c i d  p u lp  r e n d e r e d  t h e  p r o c e s s  
i n e f f e c t i v e .
I n  J a n u a r y  1911 James Hyde,  r e p o r t i n g  t o  M i n e r a l s
S e p a r a t i o n  on h i s  work i n  M exico ,  h a d  s t a t e d  t h a t  * the
c o p p e r  o r e s  o f  a  good p a r t  o f  t h e  S o u th w e s t  ( U .S .A . )
and  a l s o  o f  a t  l e a s t  a  p o r t i o n  of  t h e  U tah  r e g i o n
c o n t a i n  c h a l c o c i t e ,  which  i s  n o t  f l o a t a b l e  by  any of
1 5t h e  m ethods  so f a r  t e s t e d * . C h a l c o c i t e  i s  t h e  p u re  
s u l p h i d e  o f  c o p p e r ,  c h e m i c a l l y  CuS, and t h e  f i r s t  
s u c c e s s f u l  f l o t a t i o n  o f  c o p p e r  h a d  b e e n  w i t h  c h a l c o -  
p y r i t e ,  t h e  mixed co p p er  and i r o n  s u l p h i d e .  T h i s  was 
s u c c e s s f u l l y  f l o a t e d  a t  K y lo e ,  New S o u th  W ales  d u r i n g  
1910 , ^ ^  and a t  B ra d e n  i n  C h i l e  and B r i t a n n i a  B each ,  
B r i t i s h  C olom bia ,  two y e a r s  l a t e r .  The p r o c e s s  u s e d  
i n s t e a d  of  o i l  and a c i d  t h e  *new r e a g e n t s *  announced  
by Jo h n  B a l l o t  a t  t h e  a n n u a l  m e e t i n g  of  M i n e r a l s  
S e p a r a t i o n  i n  1909* S u c c e s s  nov/ came w i t h  t h e  u s e  of  
c r e s y l i c  a c i d  and c ru d e  t u r p e n t i n e  a s  r e a g e n t s  i n  a  
n e u t r a l  p u l p .
^u-
PLATE 21
The I n s p i r a t i o n  m i l l  and I n t e r n a t i o n a l  
s m e l t e r  a t  Miami, A r i z o n a  i n  1916, 
R u d o l f  Gahl was m e t a l l u r g i s t  i n  ch a rg e  
of  c o n c e n t r a t i o n  a t  t h i s  m i l l .
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T e s t s  on a  c h a l c o c i t e  o re  c o n t a i n i n g  a b o u t  two p e r
c e n t  o f  c o p p e r  from t h e  I n s p i r a t i o n  mine i n  A r i z o n a
w ere  made by  Edward N u t t e r ’ s s t a f f  a t  San E r a n s i s c o
d u r i n g  1912 ,  A d e g r e e  o f  s u c c e s s  was o b t a i n e d ,  b u t  t h e
r e s u l t s  were  n o t  good enough t o  w a r r a n t  f u l l  s c a l e
t r i a l s . At t h e  end o f  t h e  y e a r  t h e y  a c h i e v e d  an 87 p e r
c e n t  r e c o v e r y  o f  t h e  c o p p e r  i n  a  c o n c e n t r a t e  o f  15 p e r
c e n t ,  and w i t h  some e x c i t e m e n t  t h i s  news was w i r e d  t o
t h e  New York o f f i c e .  U n f o r t u n a t e l y  t h e  t e l e g r a m  ’was
m u t i l a t e d  i n  t r a n s i t  so a s  t o  s t a t e  t h a t  a  50 p e r  c e n t
c o n c e n t r a t e  h a d  b e e n  o b t a i n e d ,  and p r e m a t u r e  r e j o i c i n g
f o l l o w e d .  N e v e r t h e l e s s  t h e  M i n e r a l s  S e p a r a t i o n  s t a f f
p ro m is e d  good r e s u l t s  and e r e c t e d  a  5 0 - t o n  e x p e r i m e n t a l
p l a n t  a t  t h e  I n s p i r a t i o n  m in e .  The company t o o k  o u t  a
17l i c e n c e  e a r l y  i n  1 9 1 3 ' .
I n  March 1913 t h e  M i n e r a l s  S e p a r a t i o n  s t a f f  t h e r e  
o b t a i n e d  a  r e c o v e r y  o f  o v e r  90 p e r  c e n t  o f  t h e  c o p p e r  
from t h e  tv/o p e r  c e n t  o re  p r o d u c i n g  a  c o n c e n t r a t e  o f  
a lm o s t  40 p e r  c e n t ,  and t o  c o n t i n u e  t h i s  work a  t e s t  
p l a n t  o f  600 t o n s  d a i l y  c a p a c i t y  v/as b u i l t  i n  J a n u a r y  
1914 . Much work was done w i t h  t h i s  p i l o t  p l a n t ,  t e s t i n g  
c o m b i n a t i o n s  o f  g r a v i t y  and f l o t a t i o n  e q u ip m e n t  a s  w e l l  
a s  v a r i a t i o n s  of  f l o t a t i o n  t e c h n i q u e .  S u p e r v i s i n g  f o r  
M i n e r a l s  S e p a r a t i o n  was G.A. Chapman who h a d  b e e n  i n  
c h a rg e  o f  t h e  p i o n e e r i n g  work a t  B roken  H i l l  t e n  y e a r s  
b e f o r e .  Employed by  t h e  I n s p i r a t i o n  company as  
m e t a l l u r g i s t  i n  c h a rg e  of  c o n c e n t r a t i o n  was R u d o l f  Gahl  
who p u b l i s h e d  a  d e t a i l e d  ’H i s t o r y  of  t h e  E l o t a t i o n
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18P r o c e s s  a t  I n s p i r a t i o n ’ i n  1916 .
I n v o l v e d  a l s o  was Jo h n  L. C a l lo w ,  p r e s i d e n t  o f  t h e
G e n e r a l  E n g i n e e r i n g  Co. o f  S a l t  Lake C i t y ,  w h ich  he h a d
fo rm e d  i n  1906 and w hich  m a n u f a c t u r e d  t h e  e q u ip m e n t  f o r
u s e  i n  f l o t a t i o n  t h a t  he h i m s e l f  h a d  d e s i g n e d .  L a t e r  a
c o m p e t i t o r  o f  M i n e r a l s  S e p a r a t i o n ,  Ca l low  h i m s e l f
e x p l a i n e d  t h a t  he  h a d  f i r s t  become i n t e r e s t e d  i n
f l o t a t i o n  e a r l y  i n  1909 w h i l e  i n s t a l l i n g  a  s e t  o f
M a c q u i s t e n  t u b e s  a t  t h e  Morning  m i l l  a t  M u l l e n ,  I d a h o .
’T h i s  work was f o l l o w e d  by a  l a r g e  amount o f
e x p e r i m e n t i n g  on t h e  d i f f e r e n t  k i n d s  o f  e x i s t i n g
f l o t a t i o n  p r o c e s s e s ,  t h e  outcome o f  w hich  was t h e
d e v e lo p m e n t  o f  t h e  p n e u m a t i c  me t h o d ’ . I t  was f i r s t
a p p l i e d  a t  t h e  m i l l  o f  t h e  N a t i o n a l  Copper Co. a t
M u l l e n ,  ’ one of  t h o s e  s h o r t - l i v e d  m i l l s  common t o
w e s t e r n  m in in g  d i s t r i c t s ’ w h ich  C a l low  b u i l t  i n  1913
and p u t  i n t o  s u c c e s s f u l  o p e r a t i o n  i n  t h e  f o l l o w i n g  
20y e a r .
C a l l o w ’ s main  c o n t r i b u t i o n  t o  t h e  I n s p i r a t i o n  
p r o j e c t  was h i s  p n e u m a t i c  f r o t h i n g  c e l l ,  w h ich  a t  i t s  
s i m p l e s t  c o n s i s t e d  o f  a  t a n k  o r  l a u n d e r  w i t h  a  p o r o u s  
b o t to m  o f  c an v a s  or  p e r f o r a t e d  m e t a l  t h r o u g h  which  a i r  
v/as pumped t o  e f f e c t  f r o t h i n g  i n  t h e  w a t e r  o r  p u l p  
w i t h o u t  t h e  u se  o f  m e c h a n i c a l  a g i t a t i o n .  T h i s  h a d  b e e n  
p r o v e d  a t  M u l len  a s  a  m ethod  o f  f l o t a t i o n  i n  i t s e l f ,  
b u t  a t  I n s p i r a t i o n  i t  f o u n d  a p p l i c a t i o n  i n  t h e  c e l l s  o f  
t h e  M i n e r a l s  S e p a r a t i o n  p l a n t  w h ich  were  b u i l t  w i t h  





M i n e r a i s  S e p a r a t i o n  f r o t h i n g  c e l l s  a t  t h e  
Washoe m i l l  of  t h e  Anaconda company a t  





Callow c l e a n i n g  c e l l  a t  t h e  Washoe m i l l ,  1916.  
F r o t h i n g  caused  by i n j e c t e d  a i r  was used  t o  
sup p lem en t  t h a t  p ro d uced  by a g i t a t i o n  and 
improve r e c o v e r y  of  c o p p e r .
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c o n c e n t r a t e  and d e v e l o p e d  i n t o  t h e  s u c c e s s f u l  h i g h  
c a p a c i t y  f l o t a t i o n  c e l l .  R e s u l t s  were  so good  t h a t  t h e  
p l a n t  was r e d e s i g n e d  t o  c r u s h  t h e  o re  more f i n e l y  and 
t r e a t  i t  d i r e c t l y  by f l o t a t i o n .  T h i s  r e d u c e d  o x i d a t i o n  
and  p e r m i t t e d  t h e  u se  o f  t h i c k e r  o i l s  s u c h  a s  c o a l  t a r  
w h ich  was c h e a p e r  and more r e l i a b l e  t h a n  c r e s y l i c  a c i d .  
While  I n s p i r a t i o n  was s e e k i n g  a  s u p p l y  o f  c o a l  t a r ,
J .M .  C a l low  d e m o n s t r a t e d  t h a t  c o a l  t a r  c r e o s o t e  was a  
good s u b s t i t u t e  and a  m i x t u r e  o f  95 p e r  c e n t  c r e o s o t e  
w i t h  d r y  d i s t i l l e d  wood o i l s  f o r  t h e  b a l a n c e  v/as 
f i n a l l y  c h o s e n .  C onsum pt ion  was 1 .5  pounds  p e r  t o n  
o f  o re  •
E x p e r i m e n t a l  s u c c e s s  gave  c o n f i d e n c e  t o  t h e  company
i n  a u t h o r i s i n g  t h e  c o n s t r u c t i o n  of  a  f u l l  s c a l e
f l o t a t i o n  p l a n t  t h a t  c o u ld  p r o c e s s  1 5 ,0 0 0  t o n s  o f  o re
d a i l y .  I t  v/as d i v i d e d  i n t o  e i g h t e e n  s e c t i o n s  and came
i n t o  p r o d u c t i o n  on 29 June  1915 and b e f o r e  l o n g  ’t h e
n o v e l  s i m p l i c i t y ,  i n c r e a s e d  r e c o v e r y ,  and Q a p a c i t y  o f
t h e  I n s p i r a t i o n  m i l l  gave  f r o t h  f l o t a t i o n  a  b o o s t  w hich
b r o u g h t  i t  w o r ld - w id e  r e c o g n i t i o n  i n  t h e  m in in g  
21i n d u s t r y ’ . I n  i t s  f i r s t  y e a r  of  w o rk in g  t h e  m i l l  
o b t a i n e d  a  f l o t a t i o n  r e c o v e r y  of  c o p p e r  s u l p h i d e s  
e x c e e d i n g  86 p e r  c e n t .
E l o t a t i o n  h a d  a l r e a d y  a t t r a c t e d  t h e  a t t e n t i o n  of  
o t h e r  m a jo r  co p p er  m in in g  c o m p a n ie s .  D u r in g  1915 
T.A. J a n n e y  h a d  some s u c c e s s  w h i l e  m aking  t e s t s  a t  t h e  
A r t h u r  m i l l  o f  t h e  U tah  Copper Co. He u s e d  a  m ethod o f  
p n e u m a t ic  f r o t h i n g  s i m i l a r  t o  t h a t  p i o n e e r e d  by  Jo h n
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C a l lo w ,  b u t  w i t h  a  carboruradum g r i n d i n g  w he e l  f o r  t h e  
p o r o u s  b o t to m  o f  h i s  c e l l .  I n  Ju n e  1914 G.A. Chapman 
b e g a n  f l o t a t i o n  t e s t s  f o r  M i n e r a l s  S e p a r a t i o n  a t  t h e  
Washoe m i l l  o f  t h e  Anaconda Copper Company a t  B u t t e .
A t e s t i n g  p l a n t  o f  200 t o n s  d a i l y  c a p a c i t y  was soon  
g i v i n g  r e c o v e r i e s  a p p r o a c h i n g  90 p e r  c e n t  from g r a v i t y  
m i l l  t a i l i n g s .  C a l low  p n e u m a t i c  c e l l s  were t r i e d  and 
t e s t s  by  Edward N u t t e r  i d e n t i f i e d  a  m i x t u r e  of  
k e r o s e n e ,  c r e o s o t e  and s u l p h u r i c  a c i d  a s  t h e  most  
e f f e c t i v e  r e a g e n t .  The Washoe m i l l  was a l t e r e d  i n  1915 
t o  t r e a t  o re  on j i g s  and t a b l e s  w i t h  r e t r e a t m e n t  i n  
t h e  f l o t a t i o n  p l a n t  a t  t h e  r a t e  o f  1 5 ,0 0 0  t o n s  d a i l y ,  
and by O c to b e r  an o v e r a l l  r e c o v e r y  of  95 p e r  c e n t  
was b e i n g  a c h i e v e d .
F o r  t h e  u se  o f  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s  b o t h  
t h e  Anaconda and I n s p i r a t i o n  com pan ies  s i g n e d  c o n t r a c t s  
on 1 F e b r u a r y  1915 a g r e e i n g  t o  p a y  r o y a l t i e s  on a  
s l i d i n g  s c a l e  t h a t  r a n g e d  from 12 c e n t s  p e r  t o n  on t h e  
f i r s t  4 ,0 0 0  t o n s  t r e a t e d  d a i l y  down t o  o n ly  4 c e n t s  on 
e a c h  t o n  i n  e x c e s s  o f  5 0 ,0 0 0  t o n s .  S t r a n g e l y ,  no 
r o y a l t y  was p a y a b l e  on t h e  5 ,0 0 0  t o n s  b e tw e e n  1 0 ,00 0  
and 1 5 ,0 0 0  t o n s  d a i l y .  ’As an example  of  t h e  s a v i n g  
made by  t h e  a i d  o f  f l o t a t i o n ’ t h e  c o p p e r  a s s a y e d  i n  t h e  
m i l l  t a i l i n g  a t  Anaconda  was r e d u c e d  from 0 .6 2  p e r  c e n t  
t o  o n ly  0 .1 5  p e r  c e n t ,  t h a t  i s  ’ o u t  o f  60 pounds  of  
co p p er  p e r  t o n  o n ly  t h r e e  pounds  g o e s  t o  w a s t e ,  a s  
compared w i t h  1 2 .4  pounds  f o r m e r l y ’ O v e r a l l  t h e  
improvement  i n  r e c o v e r y  p e r m i t t e d  J o h n  D. R yan ,
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p r e s i d e n t  o f  t h e  Anaconda company, t o  announce  i n  1916 
an i n c r e a s e d  p r o d u c t i o n  o f  5 5 ,0 0 0 , 0 0 0  pounds  of  c o p p e r  
p e r  y e a r  ' w i t h o u t  i n c r e a s i n g  t h e  t o n n a g e  o r  g r a d e  of  
c o p p e r  t h a t  h a d  b e e n  mined i n  t h e  p a s t ' .  Some f o r t y  
m i l l i o n  po unds  o f  t h i s  i n c r e a s e  would be made ' w i t h o u t  
a d d in g  t o  t h e  c o s t  p e r  t o n  o f  o re  t r e a t e d '  and  such  
r e s u l t s  a s  Thomas R i c k a r d  commented were e q u i v a l e n t  t o  
t h e  o u t p u t  o f  a  b i g  m in e .
F l o t a t i o n  came a l s o  t o  t h e  p r o p e r t y  a d j o i n i n g  t h e  
I n s p i r a t i o n  m in e .  The I n s p i r a t i o n  l e a s e s ,  some s i x  
m i l e s  t o  t h e  w e s t  o f  G lo b e ,  A r i z o n a  v/ere b o u g h t  i n  
1907 by V/.B. Thompson, f o u n d e r  o f  t h e  I n s p i r a t i o n  
C o n s o l i d a t e d  Copper C o . ,  w h i l e  t h e  a d j o i n i n g  c l a i m s  
were t a k e n  i n  November 1906 by  J .  P a r k e  C h a n n in g .  He 
began  e x p l o r a t i o n  a  month  l a t e r  and i n c o r p o a r t e d  t h e  
Miami Copper Company t o  work what was by March 1908 a  
p ro v e n  r e s e r v e  o f  two m i l l i o n  t o n s  o f  t h r e e  p e r  c e n t  
copper  o r e ;  by 1912 t h e s e  r e s e r v e s  were e s t i m a t e d  a t
2520 m i l l i o n  t o n s  of  o re  a v e r a g i n g  2 . 5  p e r  c e n t  c o p p e r .
A g r a v i t y  m i l l  opened i n  March 1911 and when f u l l y  
o p e r a t i o n a l  by  1913 t r e a t e d  more t h a n  a  m i l l i o n  t o n s  
a n n u a l l y ,  a l t h o u g h  r e c o v e r i n g  o n ly  a b o u t  72 p e r  c e n t  
o f  t h e  a s s a y e d  c o p p e r .
L a te  i n  1913 t h e  Miami company i n s t a l l e d  a  M i n e r a l s  
S e p a r a t i o n  f l o t a t i o n  m ach ine  i n  one s e c t i o n  o f  t h e  m i l l  
i n  an a t t e m p t  t o  improve  r e c o v e r i e s  from s l i m e .  T e s t s  
w i th  t h i s  and a  number o f  o t h e r  m a c h in e s  were  c a r r i e d  
ou t  by R . C .  Canby, b u t  by  t h e  f o l l o w i n g  summer none h a d
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p r o v e d  s a t i s f a c t o r y .  The b l a d e  a g i t a t o r s  o f  t h e  
M i n e r a l s  S e p a r a t i o n  m ach ine  were  abandonned  i n  f a v o u r  
o f  a  c e n t r i f u g a l  pump which  gave  b e t t e r  r e s u l t s ,  b u t  
t h i s  d e v e lo pm en t  work was h a l t e d  when on 14 J u l y  1914 
M i n e r a l s  S e p a r a t i o n  f i l e d  two s u i t s  a g a i n s t  t h e  Miami 
company a l l e g i n g  i n f r i n g e m e n t  of  two of  t h e i r  p a t e n t s ;  
a  t h i r d  p a t e n t  was i n c l u d e d  i n  O c t o b e r .  I n  r e s p o n s e  
t h e  Miami company abandonned  a l l  m a c h in e r y  o f  t h e  
M i n e r a l s  S e p a r a t i o n  t y p e  and i n  August  i n s t a l l e d  Jo h n  
C a l l o w ' s  p n e u m a t i c  f r o t h i n g  p r o c e s s .  The p u l p  was 
o i l e d  and f e d  i n t o  C a l l o w ' s  c a n v a s - b o t to m e d  l a u n d e r s  
t h r o u g h  w h ich  a i r  was f o r c e d  t o  c r e a t e  t h e  f r o t h .  L a t e r  
i t  was fo u n d  u n n e c e s s a r y  t o  f i r s t  o i l  t h e  p u l p ,  s i n c e  
f r o t h i n g  p r o v e d  s u f f i c i e n t  t o  mix and t o  s e p a r a t e .
The s u i t  v/as h e a r d  b e f o r e  Judge  B r a d f o r d  i n  t h e  
D i s t r i c t  C o u r t  o f  W i lm in g to n ,  D elaware  i n  S e p tem b er  
1915.  M i n e r a l s  S e p a r a t i o n  a l l e g e d  i n f r i n g e m e n t  o f  t h e i r  
U.S .  p a t e n t s  numbered 8 3 5 ,1 2 0 ,  d e s c r i b i n g  t h e  b a s i c  
a g i t a t i o n - f r o t h i n g  p r o c e s s ,  n o .  9 62 .6 78  c o v e r i n g  t h e  . 
use  o f  c r e s y l i c  a c i d  and t h e  p h e n o l  r a n g e  o f  c h e m ic a l s  
as  f l o t a t i o n  r e a g e n t s  i n  t h e  p r o c e s s  f i r s t  u s e d  a t  
I n s p i r a t i o n ,  and n o .  1 , 0 9 9 , 6 9 9  which  c o v e r e d  d e t a i l s  
of t h e  m a c h i n e r y .  I n  d e fe n c e  Miami c l a im e d  t h e  p a t e n t s  
were i n v a l i d  by r e f e r e n c e  t o  t h e  r a n g e  o f  p r e v i o u s  
p a t e n t s  i n t r o d u c e d  i n  e a r l i e r  c a s e s ,  and d e n i e d  
i n f r i n g e m e n t  s i n c e  a s  t h e i r  c o u n s e l ,  W a l t e r  A. S c o t t ,  
e x p l a i n e d ,  t h e i r  'mode of  a t t a c k  upon t h e  p ro b le m  i s  
c o m p l e t e ly  d i f f e r e n t '  f rom t h a t  o f  M i n e r a l s  S e p a r a t i o n .
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U sin g  t h e  C a l low  p r o c e s s  t h e r e  was no i n t e n t i o n  of
p r o d u c i n g  a  p e rm a n e n t  f r o t h  by  m e c h a n i c a l  a g i t a t i o n ,
and i n s t e a d  t h e r e  v/as 'no  more a g i t a t i o n  t h a n  one
would o b s e r v e  i n  a  g l a s s  o f  c h a r g e d  l i q u o r ,  s o d a  w a t e r
or  champagne.  T h e re  a r e  s im p ly  b u b b l e s  coming t h r o u g h
t h e  l i q u i d '  w h ich  c o l l e c t e d  t h e  m i n e r a l  p a r t i c l e s .
C o n s e q u e n t ly ,  ' t h e  moment t h e  i n f l u x  of  a i r  s t o p s  t h e
e n t i r e  body o f  b u b b l e s  ( a b o u t  t e n  or  t w e lv e  i n c h e s  i n
h e i g h t )  c a r r y i n g  t h e  c o n c e n t r a t e  c o l l a p s e s ' .  I n f l o w  o f
a i r  a t  t h e  b a s e  was r e g u l a t e d  so t h a t  t h e r e  was a
c o n s t a n t  o v e r f l o w  o f  b r e a k i n g  b u b b l e s  c a r r y i n g  m i n e r a l
from t h e  v e s s e l .  I n  p a t e n t  t e r m s  t h e  p r o c e s s  m ig h t  be
s a i d  t o  d e r i v e  from U .S .  p a t e n t  n o .  7 9 3 ,8 0 8  i n  which
Sulman and P i c a r d  h a d  d e s c r i b e d  a  b u b b le  f r o t h i n g
p r o c e s s ,  and more d i r e c t l y  from n o .  1 , 1 0 4 ,7 5 5  g r a n t e d
27t o  John  C a l lo w .
Judge B r a d f o r d  a c c e p t e d  t h i s  l a s t  a s s e r t i o n  i n  h i s  
d e c i s i o n  g i v e n  on 30 S e p tem b er  1916 .  He a l s o  u p h e ld  
t h e  v a l i d i t y  o f  two of  t h e  t h r e e  p a t e n t s  c i t e d  by 
M i n e r a l s  S e p a r a t i o n ,  b u t  l i m i t e d  t h e  o r i g i n a l  p a t e n t  
n o .  8 3 5 ,1 2 0  t o  c a s e s  where  l e s s  t h a n  one p e r  c e n t  of 
o i l  was u s e d  as  h a d  t h e  Supreme C o u r t  i n  t h e  Hyde c a s e  
The m a t t e r  t h u s  r e s t e d  on t h e  d i f f e r e n c e  b e tw e e n  f r o t h  
g e n e r a t e d  by i n j e c t e d  a i r  or  by  b e a t i n g .  B r a d f o r d  
d e c id e d  t h i s  v/as a  g e n u in e  i n f e r e n c e  b u t  n e v e r t h e l e s s  
found  t h a t  Miami h a d  i n f r i n g e d .  T h i s  Thomas R i c k a r d  
found 'm o s t  r e m a r k a b l e s i n c e  t h e  Sulman and P i c a r d  
p a t e n t  f o r  an a i r  b u b b le  f r o t h i n g  p r o c e s s  p r e d a t e d  t h e
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M i n e r a l s  S e p a r a t i o n  p a t e n t s  c i t e d  i n  t h e  s u i t .  R i c k a r d  
was a l s o  p ro m p te d  t o  comment on t h e  c r i t e r i a  by  which  
t h e  v a r i o u s  c o u r t s  h a d  deemed t h e  b a s i c  M i n e r a l s  
S e p a r a t i o n  p a t e n t ,  n o .  8 3 5 ,1 2 0 ,  t o  be v a l i d .  The 
'W i lm in g to n  d e c i s i o n '  h a d  b een  b a s e d  on t h e  c r i t i c a l  
p r o p o r t i o n  of  o i l ,  w h i l e  r e j e c t i n g  t h e  one c l a im  i n  t h e  
p a t e n t  t h a t  d i d  n o t  s p e c i f y  l e s s  t h a n  one p e r  c e n t  o f  
o i l .  By c o n t r a s t ,  i n  t h e  Hyde s u i t  t h e  B u t t e  c o u r t  h a d  
d e c i d e d  t h a t  A l c id e  F r o m e n t ' s  p a t e n t  d i d  n o t  a n t i c i p a t e  
a s  h ad  b e e n  c l a im e d  by t h e  d e f e n c e ,  w h i l e  t h e  a p p e a l  
c o u r t  fo u n d  t h a t  i t  d i d .
T ha t  c o u r t  a l s o  d e t e r m i n e d  t h a t  ' t h e  mere d i m i n u t i o n  
i n  t h e  p r o p o r t i o n  of  o i l '  was n o t  a  s u f f i c i e n t  s u b j e c t  
f o r  a  p a t e n t ;  t h e  Exam iner  o f  P a t e n t s  i n  W ash in g to n  had  
c o n c u r r e d .  The Supreme C o u r t ,  h o w ever ,  h a d  deemed t h e  
p a t e n t  v a l i d  p r e c i s e l y  on t h e  g ro u n d s  o f  t h e  low 
p r o p o r t i o n  of  o i l ,  a l t h o u g h  t h e  ' p e r c u l i a r  a g i t a t i o n  
and p e r c u l i a r  f r o t h '  were  a l s o  t a k e n  i n t o  c o n s i d e r a t i o n ,  
R i c k a r d  fo u n d  t h e s e  c o n t r a d i c t i o n s  a l l  t h e  s t r a n g e r  
s i n c e :
t h e  Supreme C o u r t  d i f f e r s  w i t h  e v e ry o n e  t h a t  h a s  
p a s s e d  on p a t e n t  number 8 3 5 ,1 2 0 .  I t  h o l d s  t h e  P a t e n t  
O f f i c e  wrong f o r  h a v i n g  g r a n t e d  i n d e f i n i t e  t e r m s ,  i t  
h o l d s  t h e  B u t t e  c o u r t  wrong i n  d e c i d i n g  t h a t  such  
i n d e f i n i t e  c l a im s  were  v a l i d ,  i t  h o l d s  t h e  San 
F r a n s i s c o  c o u r t  wrong f o r  i n v a l i d a t i n g  t h e  whole  
p a t e n t ,  ( a n d )  by i n f e r e n c e  i t  h o l d s  t h e  W ilm in g to n
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c o u r t  wrong f o r  b a s i n g  p a t e n t a b i l i t y  on a  s m a l l
p r o p o r t i o n  o f  o i l  a l o n e .
T h i s  p o i n t  was s e i z e d  upon when t h e  Miami company 
l o d g e d  an a p p e a l  which  was h e a r d  i n  P h i l a d e l p h i a  i n  
F e b r u a r y  1917 .  I t  was a r g u e d  t h a t  w h i l e  M i n e r a l s  
S e p a r a t i o n  ' u s e d  m e c h a n i c a l  means f o r  c a u s i n g  v i o l e n t  
a g i t a t i o n  and f o r  p r o d u c i n g  t h e  " c a u l i f l o w e r ” f r o t h ,  as  
d e s c r i b e d  by Mr ( J o h n )  B a l l o t ,  t h e  Miami company u s e d  a  
C a l lo w  c e l l  • • • p r o d u c i n g  a  f r o t h  w i t h o u t  m e c h a n i c a l  
a g i t a t i o n ,  and t h e  f r o t h  t h u s  fo rm ed  was d e s c r i b e d  as  
t h i n ,  t e n d e r  and e v a n e s c e n t * .  F u r t h e r ,  ' w h i l e  Miami 
u s e d  l e s s  t h a n  one p e r  c e n t  o f  o i l ,  i t  d i d  n o t  employ 
two o t h e r  e l e m e n t s  e s s e n t i a l  t o  p a t e n t  n o .  8 3 5 ,1 2 0 ,  
nam e ly  t h e  v i o l e n t  a g i t a t i o n  and p e r s i s t e n t  f r o t h '  and  
t h e r e f o r e  h a d  n o t  i n f r i n g e d .  M i n e r a l s  S e p a r a t i o n  
m a i n t a i n e d  t h a t  t h e  u se  o f  l e s s  t h a n  one p e r  c e n t  o f  
o i l  was i t s e l f  s u f f i c i e n t  t o  p ro v e  i n f r i n g e m e n t ,  w h i l e  
t h e  q u e s t i o n  o f  t h e  p e r s i s t e n c e  of  b u b b l e s  was n o t  o f  
c o n s e q u e n c e  p r o v i d e d  t h a t  t h e  f r o t h  r e m a in e d  lo n g  
enough  t o  p e r m i t  r e c o v e r y  o f  t h e  m i n e r a l .
Judgem en t  was g i v e n  on 24 May 1917 when by  a  
m a j o r i t y  o f  two t o  one t h e  c o u r t  fo u n d  i n  f a v o u r  o f  
M i n e r a l s  S e p a r a t i o n .  A l th o u g h  i n t e r p r e t i n g  t h e  Supreme 
C o u r t ' s  d e c i s i o n  i n  t h e  Hyde c a s e  a s  m ean in g  t h a t  
' i n v e n t i o n  r e s i d e s  n o t  a l o n e  i n  t h e  c r i t i c a l  p r o p o r t i o n  
o f  o i l ,  b u t  a l s o  i n  a i r  and a g i t a t i o n ' ,  Miami was fo u n d  
t o  have  i n f r i n g e d  b e c a u s e  a l t h o u g h  d i f f e r e n t  i n  n a t u r e
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t h e i r  a g i t a t i o n  v/as s i m i l a r  i n  ' d e g r e e  o f  i n t e n s i t y  and 
t im e  o f  d u r a t i o n '  t o  t h a t  d e f i n e d  by t h e  Supreme C o u r t  
a s  a  key  e le m e n t  o f  t h e  p a t e n t e d  p r o c e s s .  The Callow 
c e l l  i t s e l f  d id  n o t  i n f r i n g e ,  h o w e v e r ,  b e c a u s e  t h e  
' a e r a t i o n  i s  d i r e c t  and i s  n o t  t h e  r e s u l t  o f  or  c a u s e d  
by  a g i t a t i o n ' ,  t h e  a g i t a t i o n  r a t h e r  r e s u l t i n g  from t h e  
a e r a t i o n  t h r o u g h  t h e  i n t r o d u c t i o n  o f  g a s  b u b b l e s .
The Miami company a c c e p t e d  t h i s  d e c i s i o n  a s  b e i n g  i n  
some ways f a v o u r a b l e  and d e c l i n e d  t o  p e t i t i o n  t h e  
Supreme C o u r t .  An i n j u n c t i o n  was i s s u e d  r e s t r a i n i n g  
Miami from f u r t h e r  i n f r i n g e m e n t  and W il l ia m  C . M ahaffy  
was a p p o i n t e d  t o  a s s e s s  t h e  p r o f i t s  e a r n e d  by  Miami as  
a r e s u l t  o f  i n f r i n g e m e n t  and t h e  c o m p e n s a t io n  due t o  
M i n e r a l s  S e p a r a t i o n .  D u r in g  t h e s e  h e a r i n g s  R .B .  Y e rx a ,  
t h e  a s s i s t e n t  m i l l  s u p e r i n t e n d e n t  a t  Miami,  was c a l l e d  
a s  a  w i t n e s s  and examined o v e r  t h i r t y  days i n  1918 as  
t o  v a r i o u s  e x p e r i m e n t s  and p r o c e s s e s  u s e d .  E i g h t y  
e x h i b i t s  were  p r o d u c e d ,  r e p r e s e n t i n g  e ac h  s t a g e  of  
m i l l i n g  s i n c e  Sep tem ber  1916, and t h e  t r a n s c r i p t  of  
Y e r x a ' s  t e s t i m o n y  c o v e r e d  625 p a g e s  and was s u p p le m e n te d  
by  a v i s i t  t o  t h e  m i l l .  By t h e  end o f  1919 more t h a n  
2 ,5 0 0  p a g e s  o f  t e s t i m o n y  h a d  b e e n  c o l l e c t e d ,  b u t  a  new 
l e g a l  b a t t l e  b r o k e  o u t  when M i n e r a l s  S e p a r a t i o n  c la im e d  
t h a t  p r o c e s s e s  a d o p te d  s i n c e  t h e  judg em en t  s h o u l d  a l s o  
be i n c l u d e d  i n  t h e  a c c o u n t i n g .  T hese  were m o d i f i c a t i o n s  
o f  John  C a l l o w ' s  c e l l s  and were  u l t i m a t e l y  ju d g e d  n o t  
i n f r i n g e  any p a t e n t ,  b u t  t h e  i s s u e  d e l a y e d  a  f i n a l  
s e t t l e m e n t  u n t i l  1923 .  W i t h i n  tv/o y e a r s  t h e  o r i g i n a l
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Miami o reb o d y  h a d  b e e n  e x h a u s t e d  and t h e  m i l l  a l t e r e d
t o  t r e a t  a  l a r g e  d e p o s i t  o f  low g r a d e  p y r i t i c  c o p p e r  
29o r e .
S t r e n g t h e n e d  by  t h e i r  s u c c e s s  a g a i n s t  Miami C op p e r ,  
M i n e r a l s  S e p a r a t i o n  l a u n c h e d  a  cam paign  of  law  s u i t s .
I n  1917 Judge  B o u r q u in  fo u n d  a g a i n s t  t h e  B u t t e  and 
S u p e r i o r  company v/ho had  i n f r i n g e d  p a t e n t  n o .  8 3 5 ,1 2 0  
by u se  of  ' a  p y r a m i d a l  m ach ine  of  s e v e n  c e l l s  i n  s e r i e s ,  
each  c e l l  c o n t a i n i n g  a r e v o l v i n g  p e r p e n d i c u l a r  s p i n d l e  
and h o r i z o n t a l  b l a d e s ’ t o  p r o d u c e  v i o l e n t  a g i t a t i o n  as  
d id  t h e  M i n e r a l s  S e p a r a t i o n  m a c h in e .  T h i s  v/as t h e  
n a t u r a l  s e q u e l  t o  t h e  judgem ent  a g a i n s t  Jam es  Hyde.
B u t t e  and S u p e r i o r  l o d g e d  an a p p e a l  w i t h  t h e  C i r c u i t  
Cour t  i n  San F r a n s i s c o ,  and on 13 May 1918 t h a t  c o u r t  
d e c id e d  by a  m a j o r i t y  t h a t  i n  t h e  Supreme C o u r t ’ s 
r e v i e w  of  t h e  Hyde c a s e  t h e y  had  i n t e n d e d  t h e  c r i t i c a l  
p r o p o r t i o n  o f  o i l  t o  p u l p  be low  w hich  i n f r i n g e m e n t  t o o k  
p l a c e  s h o u l d  be f i x e d  a t  0 . 5  p e r  c e n t .
T h i s  l i m i t e d  t h e  p e r i o d  d u r i n g  w h ich  B u t t e  and 
S u p e r i o r  h a d  i n f r i n g e d  t o  t h e  few m on ths  b e tw e e n  
Septem ber  and December 1915, s i n c e  by  t h e i r  a c c o u n t i n g  
more t h a n  0 . 5  p e r  c e n t  h a d  b e e n  u s e d  a t  a l l  t i m e s  
t h e r e a f t e r .  M i n e r a l s  S e p a r a t i o n  p e t i t i o n e d  f o r  a  r e v i e w  
by t h e  Supreme C o u r t ,  s i n c e  n o t  o n l y  would  t h i s  
d e c i s i o n  h av e  s e v e r e l y  l i m i t e d  any damages t o  w hich  
t h e y  m ig h t  be e n t i t l e d ,  b u t  i t  would  a l s o  have  s e t  a  
d a n g erou s  p r e c e d e n t  upon which  t h e  Miami company c o u ld  
have b a sed  a  new a p p e a l .  On 2 Ju ne  1919 t h e  Supreme
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C o u r t  announced  t h a t  i t  would  s e t  t h e  c r i t i c a l  
p r o p o r t i o n  a t  one p e r  c e n t ,  h u t  i n  c o n se q u e n c e  l i m i t e d  
B u t t e  and S u p e r i o r ’ s i n f r i n g e m e n t  t o  t h e  p e r i o d  b e f o r e  
7 J a n u a r y  1917,  s i n c e  when as  a  r e s u l t  o f  t h e  judgem en t  
a g a i n s t  Hyde more t h a n  t h a t  p r o p o r t i o n  of  o i l  h a d  b e e n  
u s e d  a t  a l l  t i m e s .  T h i s  Case a l s o  saw many y e a r s  of 
d e t a i l e d  a c c o u n t i n g  and f u r t h e r  l e g a l  s k i r m i s h e s  b e f o r e  
an a g re e m e n t  v/as r e a c h e d  o ve r  damages i n  1923 .  The 
o t h e r  co m pan ies  s u e d ,  i n c l u d i n g  U ta h  Copper and Nevada 
C o n s o l i d a t e d ,  h a d  a l r e a d y  made s e t t l e m e n t  i n  t h e  
p r e v i o u s  y e a r ,  p a y i n g  l a r g e  c a s h  damages and e n t e r i n g
*50
i n t o  r o y a l t y  a g re e m e n ts  w i t h  M i n e r a l s  S e p a r a t i o n .
T h ese  l e g a l  b a t t l e s  d i d  l i t t l e  t o  s low  t h e  s p r e a d  of
f l o t a t i o n  w i t h i n  t h e  U n i t e d  S t a t e s .  By 1914 a t  l e a s t
f o r t y  m in in g  com panies  were e x p e r i m e n t i n g  w i t h  t h e
p r o c e s s  and d u r i n g  t h e  f o l l o w i n g  y e a r  most  o f  t h e
i m p o r t a n t  c o p p e r  and l e a d  m in es  h a d  some form of
f l o t a t i o n  p l a n t  i n  o p e r a t i o n ,  m a i n l y  f o r  t h e  r e t r e a t m e n t  
"51o f  s l i m e .  W hile  t h e  t h r e a t  o f  p a t e n t  i n f r i n g e m e n t  
s u i t s  d i d  n o t  h a l t  t h i s  s p r e a d ,  i t  d i d  i n f l u e n c e  i t s  
c o u r s e .  D u r in g  t h i s  p e r i o d  t h e  o r i g i n a l  M i n e r a l s  
S e p a r a t i o n  p r o c e s s  u s i n g  s u l p h u r i c  a c i d  and a  f a t t y  
a c i d  was g r a d u a l l y  b e i n g  d i s p l a c e d ,  b o t h  t h r o u g h  t h e  
work o f  M i n e r a l s  S e p a r a t i o n ’ s ov/n e n g i n e e r s  and t h e  
e f f o r t s  o f  t h e i r  c o m p e t i t o r s  s e e k i n g  b o t h  t o  im prove  
r e c o v e r y  a t  r e d u c e d  c o s t  and a v o id  l i t i g a t i o n .  J o h n  
C a l low  was p r o m in e n t  i n  t h i s  movement,  and h i s  G e n e r a l  
E n g i n e e r i n g  Co. e s t a b l i s h e d  one of  t h e  f i r s t  s p e c i a l i s t
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m e t a l l u r g i c a l  l a b o r a t o r i e s  t o  s t u d y  f l o t a t i o n  i n d e p ­
e n d e n t l y  o f  M i n e r a l s  S e p a r a t i o n .  L a t e r  w i t h  t h e  
s u p p o r t  o f  s e v e r a l  m in in g  com pan ies  he f o u n d e d  t h e  
M e t a l s  R e c o v e r y  Co. a s  a  s e p a r a t e  c o n s u l t i n g  b u s i n e s s  
t o  u n d e r t a k e  r e s e a r c h  on f l o t a t i o n  m ethods  n o t  
p r o t e c t e d  by M i n e r a l s  S e p a r a t i o n ’ s p a t e n t s  and 
p a r t i c u l a r l y  on h i s  own p n e u m a t i c  f r o t h i n g  p r o c e s s .
Mine owners  s o u g h t  p l e n t i f u l  l e g a l  a d v i c e  on how t o
a v o i d  p a y i n g  what t h e y  c o n s i d e r e d  e x c e s s i v e  r o y a l t i e s
and y e t  a v o id  l i t i g a t i o n .  I n  May 1915, when t h e  Miami
c a s e  was r e c e i v i n g  i t s  f i r s t  h e a r i n g  a t  W i lm in g to n ,
J .  P a r k e  Charming,  f o u n d e r  o f  t h e  Miami company,
j o i n e d  w i t h  D.C. J a c k l i n g  of  t h e  U tah  Copper Co. and
a  s y n d i c a t e  o f  o t h e r  m in in g  m a g n a te s  t o  p u r c h a s e  from
t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  t h e  p a t e n t s  o f  t h e
Elmore vacuum p r o c e s s  f o r  t h e  sum of  S 5 0 ,0 0 0 . ^  I t  h a d
b e e n  s u g g e s t e d  p r e v i o u s l y  and echoed by Thomas R i c k a r d
t h a t  t h e s e  c o u ld  h av e  b e e n  i n t r o d u c e d  i n  t h e  e a r l i e r
s u i t  a g a i n s t  James Hyde as  a  means o f  a t t a c k i n g  t h e
v a l i d i t y  o f  t h e  b a s i c  M i n e r a l s  S e p a r a t i o n  p a t e n t  w hich
l a i d  c la im  t o  t h e  f r o t h i n g  p r o c e s s ,  n o .  8 3 5 , 1 2 0 .  T h a t
was a  d u p l i c a t i o n  o f  B r i t i s h  p a t e n t  n o .  7 ,8 0 3  o f  1905,
f i l e d  on 12 A p r i l ;  P r a n k  Elmore  h a d  f i l e d  t h e  p a t e n t
33f o r  h i s  vacuum p r o c e s s  e i g h t  m onths  e a r l i e r .
These  p a t e n t s  h a d  n o t  b e e n  b r o u g h t  i n t o  t h e  a rgum ent  
b e f o r e  f o r  f e a r  o f  e s t a b l i s h i n g  a n o t h e r  p a t e n t  monopoly 
no more p a l a t a b l e  t h a n  t h a t  o f  M i n e r a l s  S e p a r a t i o n  
s h o u l d  t h e  m in in g  com panies  s u c c e e d .  T h a t  t h r e a t  was
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rem oved ,  b u t  t h e y  were  n o t  b r o u g h t  i n t o  t h e  Miami c a s e  
b e c a u s e  t h e  l i n e s  o f  a rgum ent  h a d  b e e n  e s t a b l i s h e d  l o n g  
b e f o r e  t h e  h e a r i n g  and t h e  p u r c h a s e .  L a t e r  t h e y  became 
i r r e l a n t  b e c a u s e  t h e  c e n t r a l  i s s u e  moved from t h e  
g e n e r a l  v a l i d i t y  o f  t h e  M i n e r a l s  S e p a r a t i o n  p a t e n t  t o  
i t s  l i m i t s  i n  r e s p e c t  o f  o i l  and a g i t a t i o n .  T h ese  were 
a r e a s  much more i n  t h e  c o n t r o l  o f  t h e  m in in g  co m pan ies  
t h a n  t h e  i n t e r p r e t a t i o n s  made by  l a w y e r s  o f  t e c h n i c a l  
q u e s t i o n s  t h a t  were q u i c k l y  b e i n g  s u p e r s e e d e d  by  new 
r e s e a r c h .
Some of  t h e  most  u r g e n t  deve lo p m e n t  work was t h a t  
aimed a t  w id e n in g  t h e  r a n g e  o f  o r e s  t o  w hich  f l o t a t i o n  
c o u ld  be a p p l i e d .  The s e p a r a t i o n  of  m ixed  l e a d  and  z i n c  
s u l p h i d e s  h a d  b e e n  a  p rob lem  s i n c e  t h e  e a r l y  days  a t  
Broken H i l l .  S a t i s f a c t o r y  b u l k  f l o t a t i o n  of  n ew ly -m in ed  
l e a d - z i n c  o re  r e q u i r e d  a  p r o c e s s  c a p a b l e  o f  c o l l e c t i n g  
on ly  one o f  t h e  m i n e r a l s ,  l e a v i n g  t h e  o t h e r  f o r  f u r t h e r  
f l o t a t i o n  t r e a t m e n t  or  g r a v i t y  c o n c e n t r a t i o n .  I n t e r e s t  
c e n t r e d  on f i n d i n g  a  means o f  c o l l e c t i n g  o n l y  t h e  z in c  
s u l p h i d e s  by su c h  ’p r e f e r e n t i a l  f l o t a t i o n ’ s i n c e  t h e  
l e a d  was more e a s i l y  r e c o v e r e d  on t a b l e s .
E x p e r i m e n t a l  work l e d  by E . J .  Horwood w i t h  L e s l i e  
B r a d f o r d  and E . T .  H e n derso n  o f  t h e  B rok en  H i l l  
P r o p r i e t a r y  company and some s u c c e s s  was a c h i e v e d  by  
1910 . I n  t h a t  y e a r  Horwood p a t e n t e d  a  p r o c e s s  i n  w h ich  
a l l  s u l p h i d e s  were c o l l e c t e d  by  a  f i r s t  f l o t a t i o n  and 
t h e  c o n c e n t r a t e  r o a s t e d  a t  a  l o w  t e m p e r a t u r e  o f  b e tw e e n  
400°C and 500°C w hich  p a r t i a l l y  o x i d i s e d  t h e  l e a d  h u t
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l e f t  t h e  z in c  u n t o u c h e d .  A f u r t h e r  f l o t a t i o n  c o l l e c t e d
t h e  z i n c  w h i l e  l e a v i n g  a  r e s i d u e  r i c h  i n  l e a d .  T h i s
p r o c e s s  was d e v e lo p e d  c o m m e r c i a l ly  by  t h e  Z inc
C o r p o r a t i o n  and o p e r a t e d  b e tw e e n  A p r i l  1913 and 
34August 1914 .
A m ethod f o r  t h e  s e l e c t i v e  f l o t a t i o n  of  l e a d  was
d i s c o v e r e d  by E . J .  L y s t e r ,  m i l l  s u p e r i n t e n d a n t  a t  t h e
Zinc C o r p o r a t i o n  S o u th  B lo c k s  m i l l ,  e a r l y  i n  1912 .  He
fo u n d  t h a t  when t r e a t i n g  s l im e  i n  t h e  M i n e r a l s
S e p a r a t i o n  m ac h in e s  t h e  a d d i t i o n  of  a  v e r y  s m a l l  amount
of o i l  w i t h  no a c i d  p r o d u c e d  a  r i c h  c o n c e n t r a t e  h o l d i n g
about  80 p e r  c e n t  o f  t h e  a s s a y e d  l e a d  w h i l e  l e a v i n g  t h e
z i n c  which would have  b e e n  an i m p u r i t y .  T h i s  was t h e
33f i r s t  t r u l y  s e l e c t i v e  f l o t a t i o n  p r o c e s s .  I n  Jun e  1913
T.M.  Owen p a t e n t e d  i n  A u s t r a l i a  a  method by  w h ich  a i r
b u b b l e s  were i n j e c t e d  i n t o  s t a n d a r d  f l o t a t i o n  p l a n t
’t o  o b t a i n  s u c c e s s i v e  f l o a t  c o n c e n t r a t e s ,  f i r s t  of  t h e
more r e a d i l y  f l o a t e d  s u l p h i d e s  ( s u c h  a s  g a l e n a ) ,  and
t h e n  o f  t h e  l e a s  r e a d i l y  f l o a t e d  s u l p h i d e s  ( s u c h  as
b l e n d e ) ’ .^^  T h i s  p r o c e s s  came i n t o  u s e  i n  s e v e r a l  m i l l s
a t  Broken  H i l l ,  b e i n g  l i c e n c e d  by M i n e r a l s  S e p a r a t i o n ,
and t o g e t h e r  t h e s e  m ethods  r a i s e d  o v e r a l l  r e c o v e r i e s
of  l e a d  a t  B roken  H i l l  f rom a b o u t  76 p e r  c e n t  i n  1915
37t o  81 p e r  c e n t  i n  t h e  f o l l o w i n g  y e a r . ^
R e s e a r c h  h a d  c o n t i n u e d  a t  t h e  P r o p r i e t a r y  company, 
and i n  1912 L e s l i e  B r a d f o r d  d i s c o v e r e d  a  p r o c e s s  t h a t  
e x p l o i t e d  t h e  f a c t  t h a t  l e a d  s u l p h i d e  was more a c t i v e  
c h e m i c a l l y  t h a n  z in c  s u l p h i d e .  A s l i g h t l y  a c i d u l a t e d
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s o l u t i o n  o f  common s a l t  was u s e d  as  t h e  f l o t a t i o n
medium i n  which  t h e  l e a d  was p a r t i a l l y  s o l u b l e  w h i l e
t h e  z i n c ,  b e i n g  i n s o l u b l e ,  f l o a t e d  e a s i l y .  T h i s  was
p a t e n t e d  and i n  1913 B r a d f o r d  f i l e d  t h r e e  more p a t e n t s .
One was f o r  a  s o l u b l e  f r o t h i n g  a g e n t  s i m i l a r  t o  t h o s e
employed by M i n e r a l s  S e p a r a t i o n  L t d . ,  b u t  t h e  o t h e r s
l a i d  t h e  f o u n d a t i o n  f o r  c o n t r o l l e d  s e l e c t i v e  f l o t a t i o n .
B r a d f o r d  h a d  d i s c o v e r e d  t h a t  a d d i t i o n  o f  a  s o l u b l e
c o p p e r  s a l t  g r e a t l y  en h an c ed  t h e  f l o t a t i o n  o f  s u l p h i d e s
b e c a u s e  s u l p h i d e  p a r t i c l e s  w h ich  became c o a t e d  w i t h
c o p p e r  s u l p h a t e  were l e s s  s o l u b l e  i n  t h e  p u l p  and t h u s
f l o a t e d  more e a s i l y .  He h a d  a l s o  fo u n d  t h a t  z i n c
s u l p h i d e  c o u ld  be p r e v a n t e d  from f l o a t i n g  i f  t h e
f l o t a t i o n  c i r c u i t  c o n t a i n e d  e i t h e r  s u l p h u r  d i o x i d e  o r
38some s a l t  c a p a b le  o f  l i b e r a t i n g  i t  i n  s o l u t i o n .
By t h e s e  m ethods  i t  was p o s s i b l e  t o  t r e a t  t h e  huge 
dumps o f  o x i d i s e d  s l i m e s  t h a t  r e m a in e d  a t  B ro k e n  H i l l ,  
s i n c e  a  c o n c e n t r a t e  o f  t h e  l e a d  s u l p h i d e  and t h e  
m a j o r i t y  o f  t h e  s i l v e r  p r e s e n t  was c o l l e c t e d  by  an 
i n i t i a l  f l o t a t i o n  w h i l e  t h e  z i n c  was h e l d  b a c k ,  o r  
d e p r e s s e d .  The r e s i d u e  was t h e n  h e a t e d  t o  d r i v e  o f f  
s u l p h u r ,  o r  c o p p e r  s u l p h a t e  was added  t o  t h e  s o l u t i o n ,  
and a  c o n c e n t r a t e  o f  z i n c  s u l p h i d e  was f l o a t e d  o f f .  
U n f o r t u n a t e l y ,  w h i l e  B r a d f o r d  t o o k  o u t  w o r ld - w id e  
p a t e n t s  f o r  t h e  use  o f  s u l p h u r  d i o x i d e ,  h i s  u l t i m a t e l y  
more i m p o r t a n t  d i s c o v e r y  of  t h e  u se  of  c o p p e r  s u l p h a t e  
was o n ly  p a t e n t e d  i n  A u s t r a l i a .  The s u l p h u r  d i o x i d e  
p r o c e s s  was u s e d  s u c c e s s f u l l y  t o  t r e a t  dump s l i m e s  and
- 2 2 1 -
c ru d e  o re  a t  B roken  H i l l  P r o p r i e t a r y  b e tw e e n  1916 
and 1923 and a t  o t h e r  m ines  f o r  some t im e  a f t e r .
I n  t h e  U n i ted  S t a t e s  t h e  s u c c e s s f u l  and u n p a t e n t e d  
co p per  s u l p h a t e  p r o c e s s  g a i n e d  t h e  i n t e r e s t  o f  m in in g  
e n g i n e e r s  i n  t h e  M i s s i s s i p p i  v a l l e y  where  g r a v i t y  
s e p a r a t i o n  p r e d o m i n a t e d  i n  t h e  t r e a t m e n t  o f  l e a d - z i n c  
o r e s .  Here t h e  v a l u e  o f  c o p p e r  s u l p h a t e  v/as d i s c o v e r e d  
i n d e p e n d e n t l y  d u r i n g  t e s t s  made by  J o h n  P .  Myers d u r i n g  
1914 a t  t h e  Mascot m i l l  o f  t h e  Am erican  Z inc  Company i n  
T e n n e s s e .  Myers h i m s e l f  e x p l a i n e d  t h a t :
t h e  Mascot o re  c o n t a i n s  s p h a l e r i t e  i n  a  l i m e s t o n e  
d o lo m i t e  g a n g u e .  At t h a t  t im e  t h e  o n ly  known 
p ro m o te r  was a c i d .  F l o t a t i o n  t e s t s  i n  a  c o n v e n t i o n a l  
b r a s s  s l i d e  m achine  p r o d u c e d  good m e t a l l u r g i c a l  
r e s u l t s ,  and an o p e r a t i n g  u n i t  was b u i l t .  I t  was a  
com ple te  f a i l u r e  and n o t  a  s i n g l e  pound o f  
c o n c e n t r a t e  v/as e v e r  p r o d u c e d .
The p l a n t  was s h u t  down and t h e  s t u d y  r e t u r n e d  t o  
t h e  l a b o r a t o r y .  T h i s  t im e  a  t e s t  m ach ine  was b u i l t  
o f  wood, i d e n t i c a l  i n  d im e n s io n s  t o  t h e  b r a s s  
machine  o r i g i n a l l y  u s e d .  No r e s u l t s  were o b t a i n e d .  
The d i f f e r e n c e  b e tw e e n  t h e  wood and b r a s s  was 
s u s p e c t e d  so t h e  wooden t e s t  c e l l  was l i n e d  w i t h  
s h e e t  cop p er  and good r e s u l t s  were o b t a i n e d .  The 
r e l a t i o n s h i p  b e tw ee n  t h e  s u l p h u r i c  a c i d  p r o m o te r  
and t h e  copper  l i n i n g  v/as r e c o g n i s e d .  The d e d u c t i o n ,  
t h a t  c o p p e r  s u l p h a t e  v/as h a v i n g  t h e  same e f f e c t ,
. -, 40was v e r y  s i m p l e .
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I n  1915 Myers was s e n t  t o  make t e s t s  w i t h  c o p p e r  
s u l p h a t e  i n  t h e  w e s t e r n  s t a t e s  where  z i n c  o r e s  a l s o  
c o n t a i n e d  p y r i t e .  A l th o u g h  t h e  z i n c  was f l o a t e d ,  so was 
t h e  p y r i t e ,  r e d u c i n g  c o n c e n t r a t e  g r a d e s  t o  u n a c c e p t a b l e  
l e v e l s .  At Mascot  f l o t a t i o n  h a d  b e e n  c a r r i e d  o u t  i n  an 
a l k a l i n e  p u l p  and i t  seemed t o  Myers t h a t  ’p e r h a p s  an 
a l k a l i  was e s s e n t i a l  t o  h e l p  o u t  t h e  co p p e r  s u l p h a t e .
I t  was a l s o  n o t e d  t h a t  l i m e ,  i n  p a r t i c u l a r ,  seemed t o  
d e p r e s s  t h e  p y r i t e ’ . T h i s  v/as t h e  f i r s t  a p p l i c a t i o n  o f  
s e l e c t i v e  f l o t a t i o n  i n  t h e  U n i t e d  S t a t e s  and Myers 
ad d ed  t h a t :
one day a  young f e l l o w  w a lk e d  f o u r  m i l e s  o u t  t o  t h e  
p l a n t  t o  v i s i t  w i t h  t h e  w r i t e r  and he t o l d  a b o u t  t h e  
e f f e c t  o f  l i m e .  The chap was O l i v e r  C. R a l s t o n ,  o f  
t h e  B u re a u  of  Mines i n  S a l t  Lake C i t y .  I  h ave  a lw ay s  
c r e d i t e d  R a l s t o n  w i t h  s p r e a d i n g  t h e  g o s p e l  a b o u t  t h e  
e f f e c t  o f  l i m e .
The r e s e a r c h  t h a t  f o l l o w e d  t h e  d i s c o v e r y  o f  c o p p e r
s u l p h a t e  a s  a  f l o t a t i o n  r e a g e n t  d id  much t o  f u r t h e r  t h e
t h e o r e t i c a l  u n d e r s t a n d i n g  of  t h e  p r o c e s s .  O l i v e r
R a l s t o n  v/as r e s p o n s i b l e  f o r  some of  t h i s  work h i m s e l f ,
w h i l e  t h r o u g h  h i s  w r i t i n g s  on ’P r e f e r e n t i a l  F l o t a t i o n *
and r e l a t e d  s u b j e c t s ,  and a  more g e n e r a l  t e x t  w r i t t e n
w i t h  Thomas R i c k a r d  i n  1917,  he  h e l p e d  t o  s p r e a d
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knowledge  o f  f l o t a t i o n .  I n  1915 he commenced a  l o n g  
s e r i e s  o f  t e s t s  w i t h  G lenn  L.  A l l e n  i n t e n d i n g  t o  f i n d  
t o  f i n d  a  means o f  s u l p h i d i z i n g  o x id e  o r e s  t o  r e n d e r
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them s u i t a b l e  f o r  f l o t a t i o n .  O t h e r s  were  e x p e r i m e n t i n g  
w i t h  t h e  f l o t a t i o n  o f  g o l d  and s i l v e r  o r e s  and t h e  
n a t i v e  c o p p e r  o r e s  of  t h e  l a k e  S u p e r i o r  r e g i o n .
By 1916 t h e  G r e a t  War h a d  i n c r e a s e d  t h e  demand f o r  
m e t a l s  and b r o u g h t  h i g h e r  p r i c e s .  At some m i l l s  t h e  
h i g h e r  p r i c e s  l e s s e n e d  t h e  n e e d  t o  im prove  e f f i c i e n c y ,  
b u t  f o r  t h e  most  p a r t  t h e  u se  and e f f e c t i v e n e s s  o f  
f l o t a t i o n  c o n t i n u e d  t o  w id e n .  By 1917 more t h a n  400 
m in in g  com panies  were u s i n g  some form o f  t h e  p r o c e s s  i n  
t h e  U n i t e d  S t a t e s  and Canada .  T heod o re  Hoover  r e c o r d e d  
t h a t  t h e  z i n c  o r e s  a t  B u t t e  h a d  ' y i e l d e d  r e m a r k a b l e  and 
h i t h e r t o  u n e q u a l l e d  r e s u l t s *  w h i l e  * the  low g r a d e  c o p p e r  
o r e s  o f  Montana ,  A r i z o n a ,  Mexico and C h i l e  a r e  a l l  b e i n g  
s u c c e s s f u l l y  t r e a t e d  i n  l a r g e  t o n n a g e s ,  and i n  s e v e r a l  
c a s e s  f l o t a t i o n  h a s  d i s p l a c e d  g r a v i t y  c o n c e n t r a t i o n  
a lm o s t  v / h o l l y ’
The work of  A l l e n  and R a l s t o n  came t o  f r u i t i o n  when 
i n  1918 t h e y  were i n v i t e d  t o  d e s i g n  a  m i l l  f o r  t h e  
S h a t t u c k - A r i z o n a  company a t  W ar ren ,  A r i z o n a  where  a 
l e a d  c a r b o n a t e  o re  was t o  be t r e a t e d  by  t h e i r  method 
o f  s u l p h i d i z i n g  p r i o r  t o  f l o t a t i o n .  Glenn A l l e n  was 
engag ed  a s  m i l l  s u p e r i n t e n d e n t , and from an  o re  t h a t  
c o n t a i n e d  a b o u t  s i x  p e r  c e n t  o f  l e a d  w i t h  s e v e n  o u n c es  
o f  s i l v e r  t o  t h e  t o n  t h e  r e c o v e r y  of  l e a d  v/as a b o u t  
94 p e r  c e n t  and of  s i l v e r  a b o u t  71 p e r  c e n t .  As 
d e v e l o p e d ,  t h e  p r o c e s s  i n v o l v e d  f i n ^  g r i n d i n g  o f  t h e  
o r e  w i t h  s a n d s  b e i n g  t r e a t e d  on t a b l e s  and t h e  s l i m e s  
m ixed w i t h  sodium s u l p h i d e  s o l u t i o n  p r i o r  t o  f l o t a t i o n .
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A lth o u g h  t r i a l s  o f  a  s i m i l a r  p r o c e s s  h a d  b e e n  made by
t h e  P r i n c e  C o n s o l i d a t e d  M in ing  C o . ' s  s t a f f  i n  Nevada
d u r i n g  1916 t h e  r e s u l t s  were i n c o n c l u s i v e  and t h e
S h a t t u c k - A r i z o n a  p r o j e c t  was t h e  f i r s t  co m m erc ia l
43a p p l i c a t i o n  of  s u l p h i d i z a t i o n .
While  t h e  r a n g e  o f  m i n e r a l s  a b l e  t o  be t r e a t e d  by 
f l o t a t i o n  was b e i n g  e x t e n d e d ,  r e s e a r c h  i n t o  s e l e c t i v e  
f l o t a t i o n  h a d  a c h i e v e d  a  new s u c c e s s .  As an e d i t o r i a l  
i n  t h e  En g i n e e r i n g  and M in ing  J o u r n a l  o b s e r v e d  i n  1 9 2 8 ^  
' t h e  S u n n y s id e  Company i n  t h e  San J u a n  d i s t r i c t  o f  
C o lo ra d o  i s  g e n e r a l l y  c r e d i t e d  w i t h  b e in g  t h e  f i r s t  t o  
o p e r a t e  a  co m m erc ia l  m i l l  i n  N o r th  A m erica  t h a t  f l o a t e d  
s e l e c t i v e l y  two m i n e r a l s  from a  complex o r e .  T h i s  was 
a b o u t  1918 '  and t h e  o re  i n  q u e s t i o n  c o n t a i n e d  s u l p h i d e s  
o f  c o p p e r ,  i r o n ,  l e a d  and z i n c  w h ich  were f i n e l y  s p r e a d  
t h r o u g h  a  q u a r t z - b a s e d  r o c k  w h ich  h e l d  a l s o  a  l i t t l e  
g o l d  and s i l v e r .  The m i l l  went  i n t o  o p e r a t i o n  i n  A p r i l  
1918, t h e  o re  b e i n g  c r u s h e d  f i n e l y  i n  b a l l  and  t u b e  
m i l l s  and f e d  t o  a  f l o t a t i o n  p l a n t  d e v e lo p e d  by t h e  
s t a f f  of  M i n e r a l s  S e p a r a t i o n .  Sodium s u l p h i d e  v/as added  
t o  a  s l i g h t l y  a l k a l i n e  f l o t a t i o n  c i r c u i t  p a s s i n g  
t h r o u g h  t h e  M i n e r a l s  S e p a r a t i o n  m a c h in e s  w i t h  o n l y  a  
v e r y  s m a l l  amount o f  p i n e  o i l .  The z in c  b l e n d e  was 
s u f f i c i e n t l y  d e p r e s s e d  by  t h i s  t o  a l l o w  a  good 
c o n c e n t r a t e  o f  g a l e n a  t o  be c o l l e c t e d ,  w h i l e  a  s e co n d  
f l o t a t i o n  w i t h  t h e  a d d i t i o n  of  s a l t  cake and a  h e a v i e r  
o i l  r e c o v e r e d  t h e  z i n c  o r e .
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The S u n n y s id e  m i l l  was d e s t r o y e d  by f i r e  i n  1919 and 
when r e b u i l t  i t  was h a l t e d  a t  t i m e s  when t h e  z i n c  p r i c e  
d ro p p ed  t o o  low, b u t  a v a i l a b l e  f i g u r e s  i n d i c a t e  a  
r e c o v e r y  o f  90 p e r  c e n t  o f  t h e  v a l u e  o f  a l l  m e t a l s .
By 1919 t h e  Timber  B u t t e  m i l l  on t h e  Elm O r lu  p r o p e r t y  
a t  B u t t e  was o p e r a t i n g  a  s i m i l a r  p r o c e s s  and t r e a t i n g  
a l l  o f  t h e  o re  m in e d .  E x p e r i m e n t s  were  a l s o  b e i n g  
c o n d u c t e d  w i t h  t h e  u s e  o f  c y a n id e  and z i n c  s u l p h a t e  t o  
i n h i b i t  t h e  c o l l e c t i o n  o f  z i n c  i n  t h e  i n i t i a l  f l o a t  o f  
l e a d .  I n  1924 an a l k a l i n e  c y a n i d e - z i n c  s u l p h a t e  c i r c u i t  
became s t a n d a r d  a t  T im ber  B u t t e  and was q u i c k l y  a d o p te d  
i n t o  a lm o s t  u n i v e r s a l  u se  f o r  l e a d - z i n c  s e p a r a t i o n .  I t  
was p a r t i c u l a r l y  i m p o r t a n t  t o  m in es  i n  t h e  w e s t e r n  
s t a t e s ,  where  l a r g e  d e p o s i t s  o f  l e a d - z i n c  o r e s  h a d  i n  
t h e  p a s t  b e e n  d i s c o v e r e d  d u r i n g  t h e  s e a r c h  f o r  a r g e n t ­
i f e r o u s  l e a d  o r e s ,  b u t  l e f t  u n t o u c h e d  f o r  t h e  l a c k  of  
an economic  means o f  c o n c e n t r a t i o n .  S e l e c t i v e  f l o t a t i o n  
came of  age i n  t h e  U n i t e d  S t a t e s  when i t  made t h e s e  
o r e s  c o m m e r c i a l l y  v i a b l e  and ' i t s  q u i c k  and w i d e s p r e a d  
a d o p t i o n  u p s e t  t h e  l e a d  and z i n c  m e t a l  m a r k e t s  
s u f f i c i e n t l y  f o r  a  y e a r  o r  so t h a t  i t  was n e c e s s a r y  
t o  r e s t r i c t  p r o d u c t i o n  among t h e  o l d e r  p r o d u c e r s '  
d u r i n g  t h e  1 9 2 0 s .^ ^
T h ese  s e l e c t i v e  p r o c e s s e s  s t i l l  employed o i l s  a s  
t h e i r  c o l l e c t o r s  a n d . f r o t h i n g  a g e n t s ,  b u t  t h e  movement 
begu n  by  M i n e r a l s  S e p a r a t i o n  w i t h  t h e i r  u s e  o f  s o l u b l e  
f l o t a t i o n  a g e n t s  h a d  b e e n  s t r e n g t h e n e d  and s p e e d e d  by 
a  g r e a t e r  u n d e r s t a n d i n g  o f  t h e  c h e m ic a l  and  p h y s i c a l
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f o r c e s  u n d e r l y i n g  t h e  p r o c e s s .  I n  1918 J o h n  C a l low  was
a b l e  t o  s t a t e  c o n f i d e n t l y  t o  Thomas R i c k a r d  h i s  o p i n i o n
' t h a t  i t  i s  o n ly  a m a t t e r  o f  t im e  when " o i l "  ( a s  we
c a l l  i t )  may h ave  t o  t a k e  s e c o n d  p l a c e  a s  a  f l o t a t i o n
a g e n t .  Our e x p e r i m e n t s  and e x p e r i e n c e  w i t h  t h e  a l p h a -
n a p th y l a m i n e  and o t h e r  a l l i e d  s y n t h e t i c  compounds a r e
s u f f i c i e n t  t o  j u s t i f y  t h i s  s t a t e m e n t .  They h ave  u p s e t ,
i n  a  g r e a t  m e a s u r e ,  many of  o u r  p r e v i o u s  o i l - f d o t a t i o n  
4-8t h e o r i e s ’ . By ’ our  e x p e r i e n c e ’ C a l low  was r e f e r r i n g
t o  t h e  work of  t h e  M e ta l s  R e c o v e r y  Co . ,  f o r  w h i l e
M i n e r a l s  S e p a r a t i o n  h a d  p a t e n t e d  s o l u b l e  f l o t a t i o n
a g e n t s  a s  e a r l y  a s  1909, i t  was H .P .  C o r l i s s  who
deve lo ped  and i n  1917 p a t e n t e d  t h e  u s e  of  n a p t h y l a m i n e
as  t h e  f i r s t  s o l u b l e  f l o t a t i o n  c o l l e c t o r  t o  be u s e d
49i n  p l a c e  o f  o i l ,  and i n d e p e n d e n t l y  o f  M i n e r a l s  
S e p a r a t i o n .
He h a d  b e en  w o rk in g  a t  t h e  M e l lo n  I n s t i t u t e  i n  
P i t t s b u r g h ,  s u p p o r t e d  by a  f e l l o w s h i p  from M e t a l s  
R eco v e ry  t h a t  was a d m i n i s t e r e d  by  C a l l o w ’ s G e n e r a l  
E n g i n e e r i n g  C o . ,  and was p a r t  o f  a  w i d e r  programme o f  
r e s e a r c h  i n t o  p r o c e s s e s  i n d e p e n d e n t  o f  M i n e r a l s  
S e p a r a t i o n  and f o r  w hich  t h e y  c o u ld  n o t  c la im  r o y a l t i e s .  
I n  1921 a n o t h e r  employee of  M e t a l s  R e c o v e r y ,
C.L. P e r k i n s ,  p a t e n t e d  t h e  u s e  of  a  r a n g e  o f  c h e m ic a l s  
i n c l u d i n g  t h i o c a r b a n i l i d  a s  f l o t a t i o n  c o l l e c t o r s  i n  
p l a c e  of  o i l s .  I n  1923 C.H. K e l l e r  and O .P .  Lewis 
p a t e n t e d  f o r  M i n e r a l s  S e p a r a t i o n  t h e  u s e  o f  s a l t s  of  
an a l k y l  s u l p h u r  d e r i v a t i v e  o f  c a r b o n i c  a c i d  known as
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x a n t h a t e s .  The s a l t  most  commonly u s e d  was p o t a s s i u m
e t h y l  x a n t h a t e  w hich  h a d  s t r o n g  c o l l e c t i n g  p r o p e r t i e s
f o r  s u l p h i d e  m i n e r a l s  and f o u n d  a  wide and p r o f i t a b l e  
50u s e .
As was o f t e n  t h e  c a s e  i n  f l o t a t i o n  r e s e a r c h ,  t h e  
power of  x a n t h a t e s  h a d  b e e n  d i s c o v e r e d  a s  e a r l y  as  1915 
when a  m a t e l l u r g i s t  named M a r t i n  w o rk in g  i n  t h e  
l a b o r a t o r y  o f  t h e  U tah  Copper Co. ’m ixed  t o g e t h e r  
c a rb o n  b i s u l p h i d e ,  e t h y l  a l c o h o l  and p o t a s s i u m  
h y d r o x i d e  i n  p r o p o r t i o n s  t h a t  would form p o t a s s i u m  
e t h y l  x a n t h a t e ,  and t h e n  u s e d  t h e  m i x t u r e  t o  f l o a t  t h e  
Utah  o r e .  He o b t a i n e d  good r e c o v e r i e s  and g r a d e s  o f  
c o n c e n t r a t e s ’ b u t  no b e t t e r  t h a n  t h o s e  o b t a i n a b l e  w i t h  
t h e  c r e o s o t e s  t h e n  i n  u s e  i n  t h e  m i l l .  T h i s  was 
p r o b a b l y  b e c a u s e  t h e  c r e o s o t e  h a d  b e e n  t r e a t e d  i n  su c h  
a  way t h a t  i t  v/as c h a r g e d  w i t h  c h e m ic a l  compounds 
s i m i l a r  t o  t h o s e  i n  M a r t i n ’ s m i x t u r e ,  b u t  s e e i n g  no 
a d v a n ta g e  i n  t h e  s u b s t a n c e  he  s i m p ly  r e c o r d e d  t h e  t e s t  
i n  h i s  l a b o r a t o r y  l e d g e r .  T h e re  i t  r e m a in e d  h i d d e n  
u n t i l  b r o u g h t  ou t  a s  e v id e n c e  t o  c h a l l e n g e  t h e  v a l i d i t y  
o f  t h e  P e r k i n s  p a t e n t  when t h e  Anaconda company was 
b e i n g  sued  o v e r  i t s  u n a u t h o r i s e d  use  o f  x a n t h a t e  
i n  1928.51
A t h i r d  g ro u p  o f  s o l u b l e  c h e m ic a l  c o l l e c t o r s  b a s e d  
on a  s u b s t a n c e  p r o d u c e d  by  t h e  r e a c t i o n  b e tw e e n  
p h o sp h o ro u s  p e n t a s u l p h i d e  and c r e s y l i c  a c i d  was 
p a t e n t e d  by P . T .  W h i tw o r th  of  t h e  U tah  Copper Co. i n
C O
1926.  The Am erican  Cyanamid Company o b t a i n e d  t h e
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e x c l u s i v e  l i c e n c e  f o r  t h e  m a n u f a c t u r e  o f  t h i s  c h e m ic a l  
which i t  s o l d  u n d e r  t h e  name o f  A e r o f l o a t .  They 
s u b s e q u e n t l y  d e v e lo p e d  a  r a n g e  of  A e r o f l o a t  c h e m ic a l s  
of  which sodium A e r o f l o a t ,  o r  sodium d i - e t h y l -  
d i t h i o p h o s p h a t e  was u se d  a t  B roken  H i l l  b e tw e e n  1932 
and 1944 when i t  was r e p l a c e d  by  e t h y l  x a n t h a t e .
C a l lo w ’ s p r e d i c t i o n  was coming t r u e  by  a b o u t  1923, 
a l t h o u g h  t h e s e  c h e m ic a l  c o l l e c t o r s  d i d  n o t  d i s p l a c e  
o i l s  i n  g e n e r a l  m i l l  p r a c t i c e  u n t i l  tv/o o f  t h r e e  y e a r s  
l a t e r .  S u b s e q u e n t l y  c o m b i n a t i o n s  of  x a n t h a t e s  w i t h  p i n e  
o i l  and l im e  were  fo u n d  e f f e c t i v e  f o r  t h e  s e l e c t i v e  
f l o t a t i o n  of  cop p er  o r e s ,  b u t  t h e  t w i n  d e v e lo p m e n ts  
of  s e l e c t i v e  p r o c e s s e s  and of  c h e m ic a l  c o l l e c t o r s  were 
t h e  r e s u l t  o f  s e p a r a t e  and i n d e p e n d e n t  l i n e s  of 
r e s e a r c h  and t h e  g e n e r a l  p r a c t i c e  of s e l e c t i v e  
f l o t a t i o n  h a d  b e e n  e v o lv e d  f o r  u se  w i t h  o i l s  b e f o r e  
t h e  new a g e n t s  were a v a i l a b l e .  I n d e e d ,  A r t h u r  T a g g a r t ,  
a u t h o r  o f  t h e  r e s p e c t e d  Handbook of  Ore D r e s s i n g  
p u b l i s h e d  i n  1927,  c o n s i d e r e d  t h a t :
t h e  p r o g r e s s  t h a t  f l o w e d  from t h e  a d o p t i o n  of  t h e  
s o l u b l e  c o l l e c t o r s  was more by  way o f  o p e r a t i n g  
e f f i c i e n c y  t h a n  i n  r e c o v e r y ,  g r a d e  o f  c o n c e n t r a t e ,  
or  t h e  f l o t a t i o n  o f  h i t h e r t o  n o n f l o a t a b l e  m i n e r a l s .  
By t h e i r  u se  i t  i s  p o s s i b l e  t o  c o n t r o l  e f f e c t  and 
f r o t h i n g  i n d e p e n d e n t l y , u s i n g  w i t h  them a 
n o n o l e a g i n o u s ,  n o n c o l l e c t i n g  f r o t h e r .  T h i s  makes 
machine  c o n t r o l  much e a s i e r .  Again  i t  i s  p o s s i b l e
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t o  d e te r m in e  e x a c t l y  t h e  dosage  of  c o l l e c t o r ,  w hich
i s  i m p o s s i b l e  when t h e  c o l l e c t o r  i s  an unknov/n
c o n s t i t u e n t  o f  some o i l ,  u s u a l l y  p r e s e n t  i n  a
q u a n t i t y  t h a t  v a r i e d  from sh ip m e n t  t o  s h i p m e n t .
F i n a l l y ,  a d d i t i o n  of  t h e  s m a l l  q u a n t i t i e s  o f  t h e s e
r e a g e n t s  t h a t  a r e  e f f e c t i v e  can  be made much more
e a s i l y  i n  d i l u t e  w a t e r  s o l u t i o n s  t h a n  i n  o i l
s o l u t i o n s  a s  f o r m e r l y .  The o v e r a l l  r e s u l t  i s  more
u n i fo rm  b e h a v i o u r  o f  t h e  f l o t a t i o n  m a c h in e .  T h i s
makes, o f  c o u r s e ,  f o r  i n c r e a s e d  c a p a c i t i e s  and
54-d e c r e a s e d  a t t e n d a n c e .
V/hat A r t h u r  T a g g a r t  t h u s  summarised  was t h e  t r a n s f o r m ­
a t i o n  i n  knowledge and u n d e r s t a n d i n g  t h a t  i n  l e s s  t h a n  
t h i r t y  y e a r s  h ad  b r o u g h t  f l o t a t i o n  from F r a n k  E l m o r e ’ s 
p i o n e e r i n g  p l a n t  i n  n o r t h  Wales t o  m i l l s  i n  t h e  U n i t e d  
S t a t e s  t h a t  c o u ld  t r e a t  i n  t e n  days t h e  q u a n t i t y  of  
o re  dug i n  t h e  whole  s i x t y  y e a r  l i f e  o f  t h e  E lm o r e s '  
G l a s d i r  m in e .
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VI I I  -  From a  dream t o  r e a l i t y
W i t h i n  tw e n ty  y e a r s  o f  F r a n k  E lm o r e ’ s s u c c e s s f u l  
e x p e r i m e n t s  a t  G l a s d i r ,  f l o t a t i o n  h a d  become one of 
t h e  most i m p o r t a n t  p r o c e s s e s  o f  t h e  w o r l d ’ s m in in g  
i n d u s t r y .  W i th in  t h i r t y  y e a r s  i t  h a d  become 
i n d i s p e n s i b l e  w i t h  t h e  d eve lopm en t  o f  o r e  d e p o s i t s  
t h a t  c o u ld  be worked p r o f i t a b l y  o n l y  by  t h e  u se  o f  
advanced  t e c h n i q u e s  o f  p r e f e r e n t i a l  f l o t a t i o n .  From 
t h e  i d e a  of a  few i n d i v i d u a l s  f l o t a t i o n  h a d  grown t o  
form one of  t h e  c o r n e r s t o n e s  of  a  huge  i n d u s t r y .  Many 
e n g i n e e r s  and s c i e n t i s t s  h a d  h e l p e d  i n  t h a t  grovrth ,  b u t  
t h e  f i r s t  key s t e p  of  p r o v i n g  t h a t  t h e  i d e a  c o u ld  be 
t u r n e d  t o  r e a l i t y  had  b e e n  t a k e n  by F r a n k  E lm o r e .  I t  
i s  i r o n i c  t h a t  t h e  s u b s e q u e n t  d i f f i c u l t i e s  o f  t h e  
E lm ores  and t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  were  
i n  p a r t  due t o  t h i s  p i o n e e r i n g  r o l e .
With t h e i r  f i n a l  d e f e a t  a t  t h e  P r i v y  C o u n c i l  h e a r i n g  
of t h e  A u s t r a l i a n  a p p e a l  i n  1914 t h e  E lm o res  v i r t u a l l y  
d i s a p p e a r e d  from t h e  s t o r y  o f  f l o t a t i o n .  The l a s t  
vacuum m ach ines  a t  B roken  H i l l  went  o u t  o f  u s e  soon  
a f t e r ,  a s  d id  t h o s e  a t  G l a s d i r  w i t h  t h e  c l o s u r e  o f  t h e  
mine and t h e  r e p l a c e m e n t  o f  t h o s e  e l s e w h e r e .  A f t e r  
s e l l i n g  i t s  p a t e n t s  on t h e  p r o c e s s  i n  1915 t h e  Ore 
C o n c e n t r a t i o n  S y n d i c a t e  became e f f e c t i v e l y  an 
i n v e s tm e n t  t r u s t  a d m i n i s t e r e d  by F r a n k  and S t a n l e y  
Elmore and W a l te r  McDermott .  I t  h e l d  B r i t i s h  War Loan 
s io c k ,  F r e n c h  N a t i o n a l  D e fen ce  b o n d s ,  and s h a r e s  i n
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t h e  A i r c r a f t  D i s p o s a l  Company and U n i p r e s s u r e  L t d . ,
which  were v a l u e d  a t  a b o u t  £ 2 4 , 0 0 0 .  I t  a l s o  h e l d  n e a r l y
2 ,0 0 0  s h a r e s  i n  t h e  C hem ica l  and M e t a l l u r g i c a l
C o r p o r a t i o n ,  a  c o n c e rn  w i t h  w h ich  F r a n k  E lm ore  was
a s s o c i a t e d .  The Ore C o n c e n t r a t i o n  S y n d i c a t e  was f i n a l l y
wound up i n  1931, w i t h  a  t o t a l  o f  £ 4 5 ,4 2 0  b e i n g
r e a l i s e d  and d i s t r i b u t e d  t o  t h e  s h a r e h o l d e r s .  The
E lm ores  r e c e i v e d  abou t  h a l f  o f  t h i s  sum, a l t h o u g h  by
t h e  t im e  o f  t h e  f i n a l  l i q u i d a t i o n  i n  1934 F r a n k
Elmore had  d i e d . ^
T h e i r  f a t h e r ,  W il l iam  E lm o re ,  had  d i e d  i n  London i n
1910 and f o r  a t im e  S t a n l e y  l i v e d  i n  J e r s e y .  S h o r t l y
a f t e r  t h e  G r e a t  War F r a n k  b o u g h t  a  l a r g e  h o u s e  named
’T h r e e f i e l d s ’ n e a r  t h e  t h e n  s m a l l  v i l l a g e  o f  Kernel
Hempstead i n  H e r t f o r d s h i r e .  He e q u ip p e d  some
o u t b u i l d i n g s  as  c h e m ic a l  l a b o r a t o r i e s  and t h e r e
c o n t i n u e d  h i s  r e s e a r c h e s .  I n  1917 he f i l e d  a  p a t e n t ,
n o .  127,641 u n d e r  a  new sy s tem  o f  n um b er in g  which  had
commenced a t  n o .  1 0 0 ,0 0 1 ,  f o r  a  p r o c e s s  o f  e x t r a c t i n g
l e a d  from l e a d - z i n c  s u l p h i d e  o r e s  by r o a s t i n g  t o
improve  t h e  s o l u b i l i t y  o f  t h e  l e a d  and r e n d e r  i t
s u s c e p t i b l e  t o  c h e m ic a l  r e c o v e r y  w i t h  b r i n e  or  o t h e r
c h l o r i d e  s a l t  s o l u t i o n s .  T h i s  p r o c e s s  he  r e f i n e d  o v e r
s e v e r a l  y e a r s , and i n  1920 he  p a t e n t e d  a  s i m i l a r
p r o c e s s  i n t e n d e d  t o  s e p a r a t e  s i l v e r  from a r g e n t i f e r o u s
l e a d - z i n c  s u l p h i d e s  by  im p r o v in g  i t s  s o l u b i l i t y  by
r o a s t i n g  so t h a t  t h e  s i l v e r  would  be b e t t e r  s e p a r a t e d  
o
w i t h  t h e  l e a d .
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S u b seq u e n t  p a t e n t s  were f i l e d  j o i n t l y  w i t h  t h e
Chemical  and M e t a l l u r g i c a l  C o r p o r a t i o n ,  and  i n  1922
F r a n k  Elmore p a t e n t e d  a  d ry  p r o c e s s  o f  e x t r a c t i n g  l e a d
from t h e  l e a d  s u l p h i d e  p r e p a r e d  by  h i s  c h e m ic a l
s e p a r a t i o n  p r o c e s s .  T h i s  m a t e r i a l  v/as t o  be c r u s h e d
and mixed w i t h  f i n e l y  c r u s h e d  c a rb o n  b e f o r e  h e a t i n g  i n
?
a  f u r n a c e  i n  t h e  ab sen c e  of  any o x i d i s i n g  g a s .  S t a n l e y  
h a d  r e t u r n e d  t o  l i v e  a t  T h r e e f i e l d s  and t o g e t h e r  t h e  
b r o t h e r s  a l s o  e x p e r im e n te d  w i t h  t h e  s m e l t i n g  of  t i n ,  
p a t e n t i n g  i n  1929 a p r o c e s s  of  b u b b l i n g  h y d r o g e n  
t h r o u g h  m o l t e n  t i n  t o  e f f e c t  i t s  r e d u c t i o n . ^  None of  
t h e s e  p r o c e s s e s  p roved  o f  co m m erc ia l  v a l u e ,  and F r a n k  
Elmore  d i e d  aged 6? a t  T h r e e f i e l d s  i n  t h e  summer 
of 1933.
S t a n l e y  c o n t i n u e d  t o  l i v e  i n  t h e  h o u s e  and c a r r i e d  
on t h e  r e s e a r c h  u n t i l  h i s  d e a t h  on 4 March 1944 .  He was 
77 y e a r s  o f  age and h i s  e s t a t e  was v a l u e d  a t  £ 1 0 1 , 9 3 2 .  
From a n e t  amount of £ 9 2 ,9 3 2  by  h i s  w i l l  S t a n l e y  l e f t  
£250 t o  e ac h  of  h i s  n i e c e s  D o r r i e  and Nancy E lm o re ,  t h e  
d a u g h t e r s  of  h i s  l a t o  b r o t h e r  J o h n .  The b a l a n c e ,  
i n c l u d i n g  t h e  h o u s e ,  v/as l e f t  t o  t h e  S t a n l e y  Elmore 
Company, w hich  he had  fo rm ed  i n  1935 as  a  means of 
managing  h i s  p a t e n t s  and i n v e s t m e n t s .  He d i r e c t e d  t h a t  
t h e  company ’w i t h  t h e  a s s i s t a n c e  o f  t h e  t e c h n i c a l  s t a f f  
e m ployed’ a t  T h r e e f i e l d s  ’ s h o u l d  u se  t h e i r  b e s t  
e n d e a v o u rs  t o  co m ple te  my work and make a r r a n g e m e n t s  
f o r  t h e  com m erc ia l  and t e c h n i c a l  u s e ,  e x p l o i t a t i o n ,  and 
d e v e l o p m e n t ’ o f  t h e  means of  p r o d u c i n g  l e a d  and t i n .
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The company v/as t o  he wound up a f t e r  a  maximum p e r i o d  
o f  tv /en ty  y e a r s  and t h e  p r o c e e d s  u s e d  t o  e s t a b l i s h  
r e s e a r c h  f e l l o w s h i p s  i n  m e d ic in e  o r  m e t a l l u r g y .  When 
T h r e e f i e l d s  v/as s o l d  t h e  h o u se  was d i v i d e d  i n t o  f l a t s :  
S t a n l e y  Elmore f e l l o w s h i p s  i n  m e t a l l u r g y  were  fo u n d e d  
and a r e  a d m i n i s t e r e d  by  t h e  C o u n c i l  o f  t h e  I n s t i t u t i o n  
o f  Mining and M e t a l l u r g y .
The Elmore  b r o t h e r s  were g r e a t l y  d i s a p p o i n t e d  and 
e m b i t t e r e d  by t h e  t r e a t m e n t  t h e y  r e c e i v e d  a t  l a w .  They 
h e l d  f a s t  t o  t h e  B e l i e f  t h a t  t h e  c o n s u l t i n g  m e t a l l ­
u r g i s t s  Sulman and P i c a r d  h a d  u s e d  i n f o r m a t i o n  g a i n e d  
w h i l e  s t u d y i n g  th e  Elmore p r o c e s s  t o  b e n e f i t  t h e  
s y n d i c a t e  t h a t  became M i n e r a l s  S e p a r a t i o n  L t d .  T h e i r  
f a i l u r e  i n  t h e  law s u i t  a g a i n s t  B a l l o t ’ s o r i g i n a l  
s y n d i c a t e  t h e y  a s c r i b e d  t o  t h e  m a n i p u l a t i o n  of  l e g a l  
t e c h n i c a l i t i e s ,  and c e r t a i n l y  i t  was on t e c h n i c a l  . 
g ro u n d s  t h a t  t h e  c ase  f a i l e d  on t h e  p o i n t  t h a t  i t  d i d .  
However, s i n c e  Sulman h a d  lo n g  b e e n  i n t e r e s t e d  i n  t h e  
p o s s i b l e  u se  of  s u r f a c e  t e n s i o n  phenomena and as  a  
c o n s u l t a n t  h a d  u n d e r t a k e n  a  wide r a n g e  of r e s e a r c h ,  i t  
would have  been  most d i f f i c u l t  t o  e s t a b l i s h  p r e c i s e l y  
how he had  d e v e lo p e d  any p a r t i c u l a r  i d e a s .  T h i s  d id  
n o t  l e s s e n  t h e  E lm o r e s ’ deep p e r s o n a l  a n i m o s i t y  t o w a rd  
t h e  m e t a l l u r g i s t s ;  when Henry Sulman v/as e l e c t e d  
p r e s i d e n t  o f  t h e  I n s t i t u t i o n  of  M in ing  and M e t a l l u r g y  
i n  1910 b o t h  Eranlc and S t a n l e y  E lmore  r e s i g n e d  i n  
p r o t e s t •
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T h e i r  o p i n i o n  of  t h e  l e g a l  sy s te m  r e l a t i n g  t o  
p a t e n t s  was no h i g h e r .  I n  1916 S t a n l e y  E lm ore  w r o te  
t h a t :
my own e x p e r i e n c e  p ro m p ts  me t o  s a y  t h a t  t i l l  
a d e q u a te  r e f o r m s  a r e  i n t r o d u c e d  i n  t h e  p r o c e d u r e  
hy which  p a t e n t s  a r e  t e s t e d  i n  t h e  c o u r t s ,  t i l l  
t h e s e  c o u r t s  a r e  a s s i s t e d  hy  c o m p e te n t  and 
i n d e p e n d e n t  s k i l l e d  r e f e r e e s  i n  m a t t e r s  o f  a  
s c i e n t i f i c  and t e c h n i c a l  c h a r a c t e r  i n  l i e u  of  t h e  
p r e s e n t  p r a c t i c e  o f  c a l l i n g  a  number of e x p e r t  
w i t n e s s e s  on each  s i d e  whose e v id e n c e  i s  g e n e r a l l y  
c o n f l i c t i n g  and i r r e c o n c i l a b l e ,  i t  i s  an inhuman 
c r u e l t y  t o  f o s t e r  i n  s t u d e n t s  a  d e s i r e  t o  c u l t i v a t e  
any powers  o f  i n v e n t i o n  t h e y  may p o s s e s s .
He blamed a l s o  t h e  m in in g  i n d u s t r y  i n  g e n e r a l ,  w h ich :
i n  t h e  e a r l y  days f a i l e d  t o  g r a s p  t h e  i m p o r t a n c e  
o f  t h e  Elmore  i n v e n t i o n  and b y  i t s  i n c r e d u l i t y  have  
we a s  i n v e n t o r s  and our  s y m p a t h e t i c  f i n a n c i a l  
s u p p o r t e r s  b e en  d e p r i v e d  of  t h a t  m o n e t a r y  r e w a r d  
which  s h o u l d  have  b e e n  t h e  r e s u l t  o f  t h e  s u c c e s s f u l  
deve lopm ent  o f  a  r e v o l u t i o n a r y  m e t a l l u r g i c a l  
p r o c e s s .
While  by c o n t r a s t :
t h e  w o r ld  h a s  been  e n r i c h e d  by m i l l i o n s ,  t h e  
i n v e n t o r s  have  d e v o te d  18 y e a r s  o f  t h e i r  l i v e s  t o  
t h e  deve lopm ent  and i n t r o d u c t i o n  of  t h i s  p r o c e s s .
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and t h e y  and t h e i r  f r i e n d s  have  ex p en d e d  some 
£20 0 ,0 0 0  i n  c a s h ,  w i t h o u t  r e a s o n a b l e  rec o m p en se  
of  any k i n d .  T h is  r e c o r d  i n  a  p a r t i c u l a r  i n s t a n c e  
i s  d i s t i n c t l y  d i s c o u r a g i n g  t o  t h o s e  who a r e
5
tem p ted  t o  f i n a n c e  new i n v e n t i o n s .
Henry Sulman, i n  h i s  p r e s i d e n t i a l  a d d r e s s  t o  t h e  
I n s t i t u t i o n  o f  Mining and M e t a l l u r g y ,  t o o k  a  w id e r  
and more i d e a l i s t i c  v iew  o f  t h e  whole q u e s t i o n  o f  
i n n o v a t i o n .  He f e l t  t h a t :
t h e  i n v e n t o r  r e c e i v e s  r e w a r d  i n  f a s h i o n s  o t h e r  t h a n  
by t h e  p a t e n t  a c t s ,  t h o u g h  t h i s  i s  t h e  o u tw ard  
e x p r e s s i o n  of  t h e  e n co u rag em en t  which  s o c i e t y  
a f f o r d s  t o  t h e  new i d e a  -  d e r i v e d ,  a f t e r  a l l ,  from 
i t s e l f  t h r o u g h  t h e  medium of  one of  i t s  u n i t s .  From 
t h i s  p o i n t  o f  v iew ,  he who k e e p s  h i s  m e th o ds  s e c r e t  
d i s c a r d s  t h e  s o c i a l  p r o t e c t i o n  and can c l a im  b u t  
l i t t l e  sympathy when t h e s e  become known. But  he who 
g i v e s  o f  h i s  knowledge w i t h  a  f r e e  hand  r e c e i v e s  
a  h u n d r e d f o l d .
Nor i s  t h e  d u ty  of  g i v i n g  c o n f i n e d  w i t h i n  t h e  
n a r ro w  l i m i t s  of  our  own p r o f e s s i o n .  V/e acknowledge  
w i t h  deep g r a t i t u d e  our  i n d e b t i d n e s s  t o  t h e  c o u n t ­
l e s s  w o rk e r s  i n  o t h e r  domains  of s c i e n c e ;  and as  we 
rem od e l  t h e  r e s u l t s  o f  t h e i r  l a b o u r s  t o  our  own 
n e c e s s i t i e s ,  so do we g l a d l y  c o n t r i b u t e  ou r  m i t e  
t o  t h e  e v e r - i n c r e a s i n g  sum of human e n d e a v o u r . ^
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Sulman h i m s e l f  c e r t a i n l y  r e c e i v e d  t h e  r e s p e c t  o f  h i s  
p r o f e s s i o n  i f  b u t  meagre f i n a n c i a l  rew ard*  Thomas 
R i c k a r d ,  who p r o p o s e d  t h e  v o t e  o f  t h a n k s  a f t e r  S u lm an ’ s 
a d d r e s s ,  f e l t  i n  l a t e r  y e a r s  t h a t  he h a d  n o t  b een  
a c c o r d e d  t h e  f u l l  r e c o g n i t i o n  he  d e s e r v e d ,  b e i n g  
’ e s s e n t i a l l y  a  s c i e n t i s t ,  w i t h o u t  t h e  a c q u i s i t i v e  
f a c u l t y  o f  t h e  f i n a n c i e r .  He r e p r e s e n t s  t h e  h i g h e s t  
t y p e  o f  p r o f e s s i o n a l  man, one t h a t  does  h i s  work f o r  
t h e  l o v e  o f  i t ,  and f o r  t h e  sak e  of  d o in g  i t  w e l l ’ .
To r e c t i f y  t h i s ,  R i c k a r d  o r g a n i s e d  a  d i n n e r  i n  h on o u r  
o f  Sulman a t  t h e  Cafe R o y a l  i n  London on 20 A p r i l  1931 .  
About 150 g u e s t s  a t t e n d e d ,  s h a r i n g  R i c k a r d ’ s c o n v i c t i o n  
’ t h a t  i t  was b e t t e r  t o  s a y  k i n d  t h i n g s  t o  a  man w h i l e  
he  i s  s t i l l  a l i v e  t h a n  t o  s a y  them of  him when he i s  
d e a d ’ J
Among t h o s e  who d id  b e n e f i t  f i n a n c i a l l y  from t h e  
s u c c e s s  o f  f l o t a t i o n  was H e r b e r t  H o o v e r .  I n  1914 w i t h  
t h e  o u t b r e a k  o f  war he  gave  up t h e  m a j o r i t y  o f  h i s  
b u s i n e s s  i n t e r e s t s ,  f i r s t  t o  o r g a n i s e  a  r e l i e f  fu n d  
t o  a i d  U .S .  c i t i z e n s  s t r a n d e d  i n  Europe  t o  w hich  he 
c o n t r i b u t e d  $ 5 , 0 0 0 ,  and so on  a f t e r  t o  talce c h a r g e  of  
t h e  huge t a s k  f a c i n g  t h e  Commission f o r  R e l i e f  i n  
B e lg iu m .  He t a c k l e d  i t s  a d m i n i s t r a t i v e  p r o b le m s  so 
e f f e c t i v e l y  t h a t  when t h e  U n i t e d  S t a t e s  e n t e r e d  t h e  
war i n  1917 he  was a p p o i n t e d  f o o d  a d m i n i s t r a t o r  i n  
W a sh in g to n .  I n  1919 he  r e t u r n e d  t o  Europe  a s  D i r e c t o r -  
G e n e r a l  o f  R e l i e f  and R e c o n s t r u c t i o n  and a t t e n d e d  t h e  
P a r i s  p e a c e  c o n f e r e n c e ,  where  a s  ’ i n  a l l  h i s  p r e v i o u s
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e n t e r p r i s e s  Hoover won n o t h i n g  h u t  p r a i s e .  O t h e r s  were 
t a l k e r s ;  Hoover was a  doe r  o f  b r i l l i a n t  e f f e c t i v e n e s s ’ . 
F r a n l c l i n  R o o s e v e l t  r e m a rk e d  t h e n  t h a t  ’he i s  c e r t a i n l y  
a  wonder ,  and I  w ise  v/e c o u ld  make him p r e s i d e n t  o f  
t h e  U n i t e d  S t a t e s ’
A f t e r  s e r v i n g  as  S e c r e t a r y  f o r  Commerce from 1921, 
H e r b e r t  Hoover was e l e c t e d  p r e s i d e n t  i n  1928 and 
i n a u g u r a t e d  on 4 March 1929, e i g h t  months  b e f o r e  t h e  
c o l l a p s e  of  t h e  s t o c k  m a r k e t .  H o o v e r ’ s p r e s i d e n c y  was 
o ve rshadow ed  by an i n a b i l i t y  t o  r e l i e v e  t h e  economic  
d e p r e s s i o n ,  and he was h e a v i l y  d e f e a t e d  by F r a n k l i n  
R o o s e v e l t  i n  1932. I n  l a t e r  y e a r s  he u n d e r t o o k  f u r t h e r  
r e l i e f  a d m i n i s t r a t i o n  and s e r v e d  on c o m m i t t e e s  s t u d y i n g  
t h e  w ork ing  o f  g o v e rn m e n t ,  and h i s  p u b l i c  r e p u t a t i o n  
was much r e b u i l t .  He d i e d  i n  1964 and v/as b u r i e d  a t  
West B ra n c h ,  Iowa where he h a d  b e e n  h o r n  90 y e a r s  
b e f o r e .  H i s  b r o t h e r  T heodore  Hoover became Dean of 
t h e  S choo l  of E n g i n e e r i n g  a t  S t a n f o r d  U n i v e r s i t y .
He d i e d  i n  C a l i f o r n i a  i n  1955.
Companies o t h e r  t h a n  H o o v e r ’ s Z inc  C o r p o r a t i o n  
s i m i l a r l y  b e n e f i t t e d  from t h e i r  e a r l y  f a i t h  i n  
f l o t a t i o n .  The Broken  H i l l  P r o p r i e t a r y  Co. d i v e r s i f i e d  
i n t o  i r o n  and s t e e l  making and grew t o  become t h e  
l a r g e s t  i n d u s t r i a l  c o n c e r n  i n  A u s t r a l i a .  The l a r g e  
American co p p e r  and z i n c  m in in g  com pan ies  a l s o  
p r o s p e r e d .  Most p a r t i c u l a r l y .  M i n e r a l s  S e p a r a t i o n  L t d .  
emerged from t h e  l e n g t h y  t e c h n i c a l  and l e g a l  s t r u g g l e  
a s  a  sound and p r o f i t a b l e  b u s i n e s s .  The N o r th  A m erican
- 2 3 8 -
s y n d i c a t e  r e a p e d  t h e  b e n e f i t  of  i t s  l e g a l  v i c t o r i e s  i n  
t h e  form o f  handsome r o y a l t y  p a y m en ts  u n t i l  w i t h  t h e  
e x p i r y  o f  t h e  l a s t  o f  i t s  m ain  p a t e n t s ,  t h a t  f o r  t h e  
u s e  o f  x a n t h a t e s ,  i t  was wound up i n  1942.  The p a r e n t  
company i n  B r i t a i n  was a  s u p p l i e r  o f  eq u ipm en t  and 
e x p e r t i s e  and  r e m a in e d  an i n d e p e n d e n t  c o n c e r n  u n t i l  
1969 when i t  was b o u g h t  by  t h e  e n g i n e e r s  B o se c o  L t d .  
t o  form t h e i r  s u b s i d i a r y  Boseco  Minsep L t d .
T h a t  t h e s e  v a r y i n g  f o r t u n e s  were b a s e d  on much 
p i o n e e r i n g  and d i l i g e n t  r e s e a r c h  and some l u c k ,  b o t h  
good and  b a d ,  t h e r e  can  be no d o u b t ,  b u t  t h e  w o rk in g  
o f  t h e  p a t e n t  sy s tem  a l s o  h a d  a  l a r g e  p a r t  t o  p l a y  i n  
t h e  d e v e lo p m e n t  o f  f l o t a t i o n .  When B ra n k  E lmore  
commenced h i s  r e s e a r c h  a t  G - lasd i r  he  was t a c k l i n g  t h e  
s p e c i f i c  p ro b le m  o f  im p r o v in g  r e c o v e r i e s  a t  t h a t  m in e ,  
b u t  u n d o u b t e d l y  a l s o  w i t h  t h e  t h o u g h t  t h a t  a  s u c c e s s f u l  
p r o c e s s  c o u l d  be a j ^ l i e d  e l s e w h e r e .  The b u l k  o i l  
p r o c e s s  h e  d e v i s e d  d i d  answ er  t h e  im m ed ia te  p rob lem  a t  
G l a s d i r ,  b u t  s i n c e  i t  v/as u n c l e a r  e x a c t l y  why t h e  o i l  
c o l l e c t e d  p a r t i c l e s  o f  s u l p h i d e  m i n e r a l  and t h e  mere  
f a c t  t h a t  i t  d i d  was t o o  s im p le  and w e l l -k n o w n  an 
o b s e r v a t i o n  t o  form t h e  b a s i s  o f  a  p a t e n t ,  t h e  
s p e c i f i c a t i o n  was d r a f t e d  t o  c l a im  p r o t e c t i o n  f o r  t h e  
a p p a r a t u s  u s e d  t o  e f f e c t  su ch  a  p r o c e s s  a s  o c c u r r e d  when 
t h e  a p p a r a t u s  was u s e d .  S i m i l a r l y ,  when S t a n l e y  E lm ore  
p a t e n t e d  t h e  u se  of  a c i d  he c o u ld  o n ly  c l a im  t h e  e f f e c t  
o f  a d d in g  a c i d  t o  t h e  o re  p u l p  t r e a t e d  by h i s  b r o t h e r ' s  
p r o c e s s  and  s u g g e s t  a  w id e r  a p p l i c a t i o n  s i n c e  he was
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u n a b l e  t o  sa y  e x a c t l y  what t h e  a c i d  d id  t o  im prove  t h e  
r e c o v e r y  o f  v a l u a b l e  m i n e r a l .  T here  was no w i d e r  
t e c h n o l o g y  w i t h i n  w hich  t o  p l a c e  t h i s  p i o n e e r i n g  
p r o c e s s ;  i t  s t o o d  a lo n e  w i t h o u t  any t h e o r e t i c a l  
c o n t e x t  or  wide o p e r a t i n g  e x p e r i e n c e  on w h ich  t o  b a s e  
g e n e r a l i s a t i o n s .
T h i s  f ram ework  of  e x p e r i e n c e  grew as  p u b l i c i t y  o f  
t h e  Elmores* work a r o u s e d  t h e  i n t e r e s t  of  su ch  men as  
A r t h u r  G a t t e r m o l e ,  A l c i d e  E ro m e n t ,  C h a r l e s  P o t t e r ,  
de Bavay and M a c q u i s t e n .  E o r  t h e  m ost  p a r t  mine owners  
were n o t  so i n t e r e s t e d ;  e ven  v/hen V / i l l iam  E lm ore  
p ro d u c e d  a b o t t l e  c o n t a i n i n g  c r u s h e d  o re  w i t h  o i l  and 
w a t e r  and shook  t h i s  m i x t u r e ,  many fo u n d  i t  l i t t l e  more 
t h a n  amusing  t o  w a tch  t h e  r o c k y  m a t t e r  s i n k  t o  t h e  
b o t tom  w h i l e  t h e  f l o a t i n g  o i l  h e l d  g l e a m in g  m i n e r a l  
p a r t i c l e s .  Owners and m an ag ers  a t  B roken  H i l l  were an 
e x c e p t i o n ,  b e i n g  p r e s s e d  by  u r g e n t  f i n a n c i a l  n e c e s s i t y  
t o  f i n d  b e t t e r  means o f  t r e a t i n g  t h e i r  d i f f i c u l t  m ixed  
s u l p h i d e  o r e s .  As a  r e s u l t  v a r i o u s  com panies  were 
p r e p a r e d  t o  f i n a n c e  t h e  i n v e s t i g a t i o n  of  p r o c e s s e s  
t h a t  would w i t h  l e s s  i n c e n t i v e  p r o b a b l y  have  b een  
deemed t o  s p e c u l a t i v e .
D u r ing  t h i s  t im e  t h e  Ore C o n c e n t r a t i o n  S y n d i c a t e  was 
p r o m o t in g  t h e  Elmore p r o c e s s ,  b u t  d e s p i t e  many t r i a l s  
i t  was fo u n d  t o o  e x p e n s i v e  i n  i n s t a l l a t i o n  and w o rk in g  
t o  be s u i t a b l e  f o r  u se  a t  l a r g e  m i n e s .  I t  was a  
m e c h a n i c a l l y  s o p h i s t i c a t e d  p r o c e s s ,  b u t  one w i t h  a  
m a tc h in g  c o m p l e x i t y ,  and t h e  Elmores*  s u c c e s s  i n
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s o l v i n g  d i f f i c u l t  e n g i n e e r i n g  p r o b le m s  was n o t  
u l t i m a t e l y  b e n e f i c i a l .  They so u g h t  m e c h a n i c a l  s o l u t i o n s  
t o  p r o b le m s  t h a t  would h ave  b e e n  b e t t e r  c i r c u m v e n t e d  by  
a  change  o f  p r o c e d u r e ,  and a l t h o u g h  t h e y  p r o d u c e d  a  
w o r k a b le  p r o c e s s  i t  was a t  t h e  c o s t  o f  low c a p a c i t y  and 
i n i t i a l  u n r e l i a b i l i t y .  S i m i l a r  p ro b le m s  h a d  p l a g u e d  t h e  
E lmore  e l e c t r o - d e p o s i t i o n  p r o c e s s  and ,  i n d e e d ,  a r e  t h e  
h a z a r d  o f  a l l  ad v anced  e n g i n e e r i n g  p r o j e c t s .  The 
s u c c e s s f u l  f l o t a t i o n  p r o c e s s e s  were  t h o s e  d e s i g n e d  t o  
t r e a t  l a r g e  q u a n t i t i e s  o f  m a t e r i a l  w i t h  t h e  minimum of  
m e c h a n i c a l  e q u ip m e n t .  E r a n k  E l m o r e ’ s m ix in g  drum was 
r e p l a c e d  by  v a t s  w i t h  a g i t a t o r s ;  a g i t a t i o n  gave  r i s e  t o  
f r o t h i n g  w h ich  t o g e t h e r  w i t h  a  m in im is e d  amount of  o i l  
s i m p l i f i e d  r e c o v e r y .  The E l m o r e s ’ i n g e n i o u s  c e n t r i f u g a l  
s e p a r a t o r s  were  no l o n g e r  r e q u i r e d .
P a t e n t s  f o r  t h e s e  p r o c e s s e s  c o u ld  be more s p e c i f i c  
t h a n  c o u ld  t h e  o r i g i n a l  E lmore  p r o c e s s  p a t e n t s . Once a  
c e r t a i n  o u t l i n e  o f  a  p r o c e s s  h a d  b e e n  e s t a b l i s h e d ,  i t  
was p o s s i b l e  t o  p a t e n t  t h e  u s e  o f  s p e c i f i c  o i l s  or  
c h e m i c a l s  i n  c o n j u n c t i o n  w i t h  t h a t  p r o c e s s .  Most 
i m p o r t a n t l y  i n  t h e  c a s e  o f  M i n e r a l s  S e p a r a t i o n  i t  c o u ld  
p a t e n t  t h e  u s e  o f  a  v e r y  s m a l l  amount o f  o i l  i n  
c o n j u n c t i o n  w i t h  t h e i r  p r e v i o u s l y  p a t e n t e d  a g i t a t i o n  
and f r o t h i n g  m e th o d .  By t h i s  means many p a t e n t s  were  
f i l e d  t h a t  p r o v e d  o f  no u s e .  E q u a l l y ,  i t  e n a b l e d  
M i n e r a l s  S e p a r a t i o n  t o  b u i l t  a  v e r y  s t r o n g  c h a i n  of  
p a t e n t s  i n  s u p p o r t  o f  t h e i r  p r o c e s s .  A l th o u g h  t h e  
E lm o r e s  a l s o  f i l e d  a  g r e a t  many p a t e n t s ,  t h e y  d e s c r i b e d
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a  v a r i e t y  of  m e c h a n i c a l  s y s te m s  and d id  n o t  form a 
s i m i l a r  c h a i n  o f  p r o t e c t i o n .  D u r in g  t h e  1900s a  g r e a t  
d e a l  o f  e x p e r i e n c e  was g a in e d  by M i n e r a l s  S e p a r a t i o n  
and o t h e r s  i n  t h e  f i e l d ,  and a l t h o u g h  t h i s  l a c k e d  a s  
y e t  any g r e a t  t h e o r e t i c a l  f o u n d a t i o n ,  i t s  p r a c t i c a l  
v a l u e  can be ju d g e d  from t h e  g r e a t l y  i n c r e a s e d  o u t p u t  
o f  z in c  a t  B roken  H i l l  and t h e  u l t i m a t e  f i n a n c i a l  
s u c c e s s  of  t h e  Z inc  C o r p o r a t i o n .  I t  was i n  t h i s  c l i m a t e  
t h a t  t h e  i n c r e a s i n g l y  b e l e a g u r e d  Ore C o n c e n t r a t i o n  
S y n d i c a t e  commenced t h e i r  l i t i g a t i o n  a g a i n s t  
M i n e r a l s  S e p a r a t i o n  L t d .
As b o t h  S t a n l e y  Elmore  and Thomas R i c k a r d  o b s e rv e d  
from t h e i r  d i f f e r i n g  p o i n t s  of  v ie w ,  t h e  p ro b lem  of  
t h e s e  i n f r i n g e m e n t  s u i t s  was t h a t  h i g h l y  t e c h n i c a l  
and l i t t l e  u n d e r s t o o d  p r o c e s s e s  were b e i n g  d i s c u s s e d  
by  l a w y e r s  and a s s e s s e d  by j u d g e s  who f o r  t h e  m ost  p a r t  
were  i n a d e q u a t e l y  q u a l i f i e d  t o  do s o .  T h i s  was 
i n e v i t a b l e ,  f o r  f l o t a t i o n  was a  v e r y  new a r e a  of  
knowledge and n o t  even  t h o s e  l e g a l  men, s u c h  a s  Lord 
J u s t i c e  E l e t c h e r  M o u l to n ,  whose e d u c a t i o n  h a d  b e e n  
s t r o n g l y  s c i e n t i f i c  c o u ld  h av e  b e e n  any more c e r t a i n  
o f  how or why a  b u b b l e  l i f t e d  a  m i n e r a l  p a r t i c l e  t o  
t h e  s u r f a c e  o f  t h e  o re  p u l p  t h a n  were t h e  m e t a l l u r g i s t s  
who e n c o u ra g e d  i t  t o  do s o .  Thus i n e v i t a b l y  t h e  l e g a l  
a rg u m e n ts  c e n t r e d  on q u e s t i o n s  a r i s i n g  from t h e  p a t e n t  
docum en ts ,  w i t h  c o u n s e l  a r g u i n g  o v e r  t h e  p r e c i s e  
m eaning  of  words and p h r a s e s  t h a t  h a d  b e e n  w r i t t e n  
when knowledge  was even  s c a n t i e r  i n  t h e  hope  t h a t  t h e y
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would  c o v e r  what a c t u a l l y  t o o k  p l a c e .  T h i s  was 
p a r t i c u l a r l y  t r u e  i n  t h e  c a s e  o f  t h e  e x p i r e d  p a t e n t s  
c i t e d  a s  exam ples  o f  p r i o r  p u b l i c a t i o n ,  s i n c e  t h e r e  was 
l i t t l e  o r  no i n f o r m a t i o n  on how t h e  p r o c e s s e s  t h e y  
d e s c r i b e d  h a d  worked i n  p r a c t i c e ,  o r  i f  i n d e e d  t h e y  
had  worked a t  a l l .  C ou n se l  were  t h u s  f r e e  t o  i n t e r p r e t  
them i n  t h e  way most  f a v o u r a b l e  t o  t h e i r  c a s e  w i t h o u t  
d i t e c t  p r a c t i c a l  c o n t r a d i c t i o n .
I t  was o n ly  when t h e  p a t e n t  docum ents  t h e m s e l v e s  
h a d  b e en  v i n d i c a t e d  t h a t  t h e  i s s u e  of  what  a c t u a l l y  
h a p p en e d  i n  t h e  m i l l s  became c e n t r a l .  Then t h e  
c o n f l i c t i n g  o p i n i o n s  of  e x p e r t  w i t n e s s e s  and t h e  
e lo q u e n c e  o f  c o u n s e l  came t o  t h e  f o r e  i n  d e s c r i b i n g  
t h e  s i m i l a r i t y ,  or  t h e  d i f f e r e n c e s ,  b e tw e e n  t h e  
p r o c e s s e s  i n  s u i t .  T h i s  was t h e  c a s e  i n  t h e  l a t e r  
s u i t s  a g a i n s t  American m in in g  com pan ies  by  M i n e r a l s  
S e p a r a t i o n ,  where a t  t h e  h e a r t  o f  e a c h  c a s e  was t h e  
s i n g l e  q u e s t i o n  of  w h e t h e r  t h e  a l l e g e d l y  i n f r i n g i n g  
company h a d  b e en  u s i n g  a  s m a l l  amount o f  o i l  and f r o t h  
p r o d u c e d  by  a g i t a t i o n  t o  e f f e c t  f l o t a t i o n .  T h a t  was 
t h e  e s s e n c e  o f  t h e  o r i g i n a l  M i n e r a l s  S e p a r a t i o n  
p r o c e s s  and t h e  r e a s o n  v/hy J o h n  C a l l o w ’ s p n e u m a t i c  
f r o t h i n g  p r o c e s s  was n e v e r  fo u n d  t o  be d i r e c t l y  
i n f r i n g i n g .
I n  t h e  c a s e  of  t h e  E lm ore  s u i t s  a g a i n s t  M i n e r a l s  
S e p a r a t i o n  a  s i m i l a r  r e d u c t i o n  t o  e s s e n t i a l s  t o o k  
p l a c e .  A l th o u g h  t h e  d e t a i l s  of  hov; f l o t a t i o n  o p e r a t e d  
were  c l o s e l y  argued^ t h e  c o u r t s  u l t i m a t e l y  b a s e d  t h e i r
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d e c i s i o n s  on t h e  q u a n t i t y  o f  o i l  u s e d .  The E lm o res  
u s e d  a l o t  w h i l e  M i n e r a l s  S e p a r a t i o n  u s e d  a l i t t l e  and  
t h e r e f o r e  no i n f r i n g e m e n t  v/as f o u n d .  C e r t a i n l y  E ra n k  
E lm o r e ’ s o r i g i n a l  b u l k - o i l  p l a n t  a t  G- lasd i r  b o r e  l i t t l e  
r e s e m b le n c e  t o  a n y t h i n g  p r o d u c e d  by  M i n e r a l s  S e p a r a t i o n  
b u t  by  t h e  t im e  of  t h e  s u i t s  t h e  Elmore vacuum p r o c e s s  
was u n d e r  d e v e lo p m e n t .  T h i s  h a d  many f e a t u r e s  i n  common 
w i t h  t h e  M i n e r a l s  S e p a r a t i o n  p r o c e s s ,  whose p a t e n t s  i t  
p r e d a t e d .  S in c e  i t  was n e v e r  b r o u g h t  i n t o  c o n t e n t i o n  
t h e  s t r e n g t h  o f  i t s  c h a l l e n g e  can  o n ly  be g u e s s e d ,  b u t  
i n  p u r e l y  l e g a l  t e r m s  t h e  u se  o f  r e d u c e d  p r e s s u r e  f o r  
no o t h e r  r e a s o n  t h a n  t o  e n c o u r a g e  t h e  f o r m a t i o n  o f  
b u b b l e s  i n  a  p r e v i o u s l y  a e r a t e d  p u l p  t r e a t e d  w i t h  a  
l i t t l e  o i l  c o u ld  have  formed t h e  b a s i s  o f  a  f o r c e f u l l y  
a rg u e d  c h a l l e n g e .
While  n o t  d i s c o u r a g i n g  t h e  com panies  a t  B roken  H i l l  
from c o n t i n u i n g  t o  d e v e lo p  f l o t a t i o n ,  t h e  t h r e a t  o f  
l i t i g a t i o n  d id  f o s t e r  a  g r e a t  d e g re e  of  s e c r e c y .  Eew 
o p e r a t i n g  r e s u l t s  were p u b l i s h e d  and t h e r e  v/as l i t t l e  
i n c e n t i v e  f o r  o t h e r  m ines  t o  a d o p t  t h e  new p r o c e s s  on 
any s c a l e ,  i n  p a r t  b e c a u s e  fev; o t h e r  m ines  t h e n  had  
p ro b le m s  on a s i m i l a r  s c a l e  t o  t h o s e  of  B ro ken  H i l l .
The B u t t e  and S u p e r i o r  company,  h o w e v e r ,  f a c e d  v e r y  
s i m i l a r  p ro b le m s  w i t h i n  a  few y e a r s  and t h r o u g h  t h e  
in v o lv e m e n t  of H e r b e r t  Hoover  and James Hyde f l o t a t i o n  
v/as i n t r o d u c e d  i n t o  t h e  U n i t e d  S t a t e s  i n d e p e n d e n t l y  o f  
M i n e r a l s  S e p a r a t i o n ’ s own e f f o r t s  t o  p ro m o te  t h e i r  
p r o c e s s .  When i t  v/as s e e n  hov/ g r e a t  a  d i f f e r e n c e
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c o u ld  be made t o  o p e r a t i n g  e f f i c i e n c y  and p r o f i t s ,  
p a r t i c u l a r l y  i n  t h e  w o rk in g  o f  l o w - g r a d e  d e p o s i t s  o f  
mixed s u l p h i d e s ,  m in in g  com pan ies  were  q u i c k  t o  s e i z e  
t h e  o p p o r t u n i t y .  Those  com pan ies  t h a t  e n t e r e d  i n t o  
r o y a l t y  a g r e e m e n ts  w i t h  M i n e r a l s  S e p a r a t i o n  d i d  so 
n o t  o n ly  t o  a v o id  p o t e n t i a l  l i t i g a t i o n ,  b u t  b e c a u s e  
t h e y  n e e d e d  t h a t  company’ s e x p e r t i s e  i n  p u t t i n g  
f l o t a t i o n  t o  w ork .  Those  l i k e  t h e  p i o n e e r i n g  B u t t e  
and S u p e r i o r  and  Miami who a c h i e v e d  w o r k a b le  m ethods  
o f  f l o t a t i o n  by t h e i r  own e f f o r t s  were  r e l u c t a n t  t o  
p ay  r o y a l t i e s  t o  what t h e y  c o n s i d e r e d  a  mere 
p a t e n t - o w n i n g  m onopoly .
The t h r e a t  o f  l i t i g a t i o n  e n c o u r a g e d  them t o  s e e k  
m ethods  of  f l o t a t i o n  o u t s i d e  t h e  scope  of  t h e  M i n e r a l s  
S e p a r a t i o n  p a t e n t s  r a t h e r  t h a n  a g r e e  t e r m s  or  abandon  
t h e  p r o c e s s .  T h e .  most  d i r e c t  i n s t a n c e  of  t h i s  s t i m u l u s  
t o  r e s e a r c h  was t h e  f o r m a t i o n  of  t h e  M e t a l s  R e c o v e r y  
Go. by  J o h n  C a l low  and s e v e r a l  m in in g  c o m p a n ie s .  
I n d e p e n d e n t  r e s e a r c h  was a l s o  c a r r i e d  ou t  by t h e  U .S .  
B ureau  of  M in e s ,  s e v e r a l  u n i v e r s i t y  d e p a r t m e n t s  and 
t h e  m e t a l l u r g i c a l  s t a f f s  a t  a  number of  m i n e s .  The 
d r i v e  t o  c i r c u m v e n t  M i n e r a l s  S e p a r a t i o n ’ s p a t e n t s  was 
c o u p le d  w i t h  a  g e n e r a l  d r i v e  t o  im prove  and w iden  t h e  
a p p l i c a b i l i t y  o f  f l o t a t i o n  w hich  p r o d u c e d  new 
m a c h in e ry  and c h e m ic a l  r e a g e n t s ,  a s  w e l l  a s  a  g r e a t e r  
t h e o r e t i c a l  u n d e r s t a n d i n g  o f  t h e  p r o c e s s .  I n  t u r n .  
M i n e r a l s  S e p a r a t i o n  was f o r c e d  t o  m a i n t a i n  a  v e r y  
a c t i v e  r e s e a r c h  programme i n  o r d e r  t o  s u p p o r t  t h e i r
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p o s i t i o n  i n  t h e  f a c e  o f  such  c o m p e t i t i o n ,  w i t h  t h e  
r e s u l t  t h a t  f l o t a t i o n  was d e v e lo p e d  v e r y  r a p i d l y .
T h r e a t s  o f  l i t i g a t i o n  and t h e  s i z e  o f  r o y a l t y  
paym en ts  d i d  d e l a y  t h e  s p r e a d  of  t h e  p r o c e s s  i n  more 
m a r g i n a l  c i r c u m s t a n c e s ,  where  i t  o f f e r e d  o n l y  s l i g h t  
a d v a n ta g e  ove r  e x i s t i n g  m ethods  or  v/as a s  y e t  
i n s u f f i c i e n t l y  d e v e lo p e d  t o  t r e a t  a  p a r t i c u l a r  o r e .  
Thomas R i c k a r d  o b s e r v e d  i n  1917 f o r  e x am p le ,  t h a t  
' t h e  s u b s t i t u t i o n  o f  f l o t a t i o n  f o r  t h e  o l d e r  p r o c e s s e s  
o f  a m a lg a m a t io n  or  c y a n i d a t i o n *  i n  t h e  w o r k in g  o f  g o l d  
and s i l v e r  o r e s  was ' a n  economic  r a t h e r  t h a n  a  m e t a l l ­
u r g i c a l  p r o b l e m ' .  E o r  w h i l e  ' i f  t h e  m anager  were  
s t a r t i n g  t o d a y  t o  e q u ip  h i s  mine w i t h  a  m i l l ,  he  
would s e l e c t  t h e  f l o t a t i o n  p r o c e s s  • • • t h e  s c r a p p i n g  
o f  an e x i s t i n g ,  and e x p e n s i v e ,  p l a n t  i s  q u i t e  a n o t h e r  
m a t t e r ' .  The f l o t a t i o n  p l a n t  would  be c h e a p e r  and  
p r o b a b l y  more e f f i c i e n t  b u t  R i c k a r d  ' i n  c o n v e r s a t i o n  
w i t h  v a r i o u s  m a n a g e rs  . . . a s c e r t a i n e d  t h a t  t h e  
c o n t r o l  o r  assumed c o n t r o l  o f  t h e  b a s i c  f l o t a t i o n  
p a t e n t s  by  t h e  M i n e r a l s  S e p a r a t i o n  p e o p le  i s  a  s t r o n g  
d e t e r e n t .  Most o f  us  do n o t  l i k e  t o  be i n q u i s i t i o n e d  
by  t h e  a g e n t s  o f  a  p a t e n t  e x p l o i t i n g  company,  n o r  do 
t e c h n i c a l  men c a r e  t o  be  p l a c e d  u n d e r  p l e d g e s  of  
p r o f e s s i o n a l  s e c r e c y  t o  a n y b o d y ' .  A l s o ,  a l t h o u g h  
' t h e  r o y a l t y  on g o l d  i s  o n ly  a b o u t  25 c e n t s  p e r  ounce 
and on s i l v e r  2 i  p e r  c e n t ,  so t h a t  t h e  t a x  i s  n o t  
o n e ro u s  . . .  a  t a x  o f  any k i n d  i s  an i r r i t a t i o n  t o  
most men, p a r t i c u l a r l y  when t h e  r i g h t  o f  t h e  t a x -
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g a t h e r e r  i s  s t i l l  u n d e c i d e d  by t h e  c o u r t s  o f  l a w ’
The w ork ing  of  t h e  p a t e n t  sy s tem  t h u s  h a d  mixed 
e f f e c t s  on t h e  deve lopm en t  of  f l o t a t i o n .  W hile  work 
t o  b o l s t e r  or c i r c u m v e n t  e x i s t i n g  p a t e n t s  was 
e n c o u r a g e d ,  c o n t a c t  and f r e e  exch an g e  o f  i n f o r m a t i o n  
was s t i f l e d  i n  p r e c i s e l y  t h e  way t h a t  Henry  Sulman 
d e p l o r e d .  Thomas R i c k a r d  t o o  saw t h i s  a s  g r e a t l y  t o  
be r e g r e t t e d  and t h r o u g h  h i s  w r i t i n g s  he  d id  much t o  
s p r e a d  knowledge on t h e  h i s t o r y  and p r a c t i c e  of 
f l o t a t i o n .  The most i m p o r t a n t  s i n g l e  g ro u p  o f  p a t e n t s  
v/as t h a t  owned by  M i n e r a l s  S e p a r a t i o n  and w h ic h  gave  
them t h e i r  m onopoly ,  b u t  even  t h e s e  would h a v e  b e e n  
o f  l i t t l e  v a l u e  w i t h o u t  c o n s i d e r a b l e  t e c h n i c a l  and 
p r a c t i c a l  s u p p o r t .  T h e i r  s u c c e s s  i n  r e s e a r c h . a n d  
deve lop m en t  p ro d u c e d  a  s e r i e s  o f  p a t e n t s ,  b u t  t h e  
p r o c e s s  t h e y  d e s c r i b e d  h a d  t o  f u l f i l l  a  n e e d  and be 
t a k e n  up by  o t h e r s  b e f o r e  t h e  p a t e n t s  became of  any 
v a l u e .  T ha t  need  h a d  t o  be s u f f i c i e n t l y  s t r o n g  t o  
overcome r e l u c t a n c e  t o  change  and j u s t i f y  i n v e s t m e n t  
and r o y a l t y  p a y m e n ts ,  and su ch  a  n e e d  could, e q u a l l y  
be s t r o n g  enough t o  j u s t i f y  t h e  r i s k  of  i n f r i n g e m e n t  
s u i t s  by n o t  p a y in g  r o y a l t i e s .  I n  t h e  c a s e  o f  
f l o t a t i o n  t h a t  n e e d  came w i t h  t h e  w o rk in g  o f  huge 
d e p o s i t s  of  m e t a l s  i n  t h e  form o f  l o w - g r a d e  s u l p h i d e  
o r e s  t h a t  were i m p o s s i b l e  t o  work p r o f i t a b l y  by 
p r e v i o u s l y - k n o w n  m e th o d s .
At i t s  s i m p l e s t ,  j u s t  as  a  p a t e n t  i s  n o t  a  
g u a r a n t e e  t h a t  an i d e a  o r  m ach ine  can  be made t o  work .
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n e i t h e r  i s  t h e  p a t e n t  a  g u a r a n t e e  t h a t  any  p r o f i t  w i l l  
he made i f  i t  does  w ork .  The s u b j e c t  of  t h e  p a t e n t  
w i l l  p r o b a b l y  n e e d  some dev e lo p m en t  or  a d a p t i o n ;  t h e  
p a t e n t  w i l l  n e e d  t h e  t h r e a t  o f  l e g a l  a c t i o n ,  w h e t h e r  
u s e d  or  h e l d  i n  r e s e r v e .  Thus i t  i s  t h e  p r o c e s s  t h a t  
i s  i m p o r t a n t ,  r a t h e r  t h a n  t h e  p a t e n t .  I f  t h e  p r o c e s s  
works or  can  be made t o  work u s e f u l l y ,  t h e n  t h e  p a t e n t  
becomes of  v a l u e ;  i f  n o t ,  t h e n  l i k e  t h o s e  of  C a r r i e  
E v e r s o n ,  H e z e k ia h  B r a d f o r d ,  and u l t i m a t e l y  o f  t h e  
E lm o re s ,  i t  r e t a i n s  o n ly  c u r i o u s i t y ,  h i s t o r i c a l  and 
p e r h a p s  a  l i t t l e  t e c h n i c a l  i n t e r e s t .  Today f l o t a t i o n  
i s  one o f  t h e  most  t r u s t e d  and r e l i a b l e  of  o re  
c o n c e n t r a t i o n  p r o c e s s e s ,  and i t  i s  i m p o s s i b l e  t o  
c a l c u l a t e  t h e  a n n u a l  t o n n a g e s  o f  o r e  t r e a t e d  a ro u n d  
t h e  w o r l d .  I t  s t a n d s  a s  a  m em or ia l  t o  a l l  t h e  m e t a l l ­
u r g i s t s  and e n g i n e e r s  who made su ch  e f f o r t s  t o  e x p l o i t  
t h e  s im p le  o b s e r v a t i o n  t h a t  s u l p h i d e  m i n e r a l s  r e s i s t e d  
w e t t i n g  by w a t e r  and t o  h a r n e s s  t h e  power o f  b u b b l e s .
By c o n t r a s t ,  t h e  f l o o d e d  w o r k i n g s ,  o ve rg row n  m i l l
f o u n d a t i o n s  and some g r a v e l  b an k s  i n  t h e  R i v e r
dJi
I.Iawddach a r e  a lm o s t j ^ th a t  r e m a in  t o  mark t h e  g r e a t  
e x p e r im e n t  t h a t  t o o k  p l a c e  a t  t h e  C l a s d i r  mine i n  1897.  
N e v e r t h e l e s s ,  none o t h e r  t h a n  Henry  L i v i n g s t o n e  Sulman 
s t a t e d  i n  h i s  p r e s i d e n t i a l  a d d r e s s  o f  1911 t h a t  i t  was 
' t o  t h e  M e ss r s  Elmore t h a t  t h e  u n d o u b te d  ho n o u r  
b e lo n g s  of  f i r s t  b r i n g i n g  o i l - m i n e r a l  p r o c e s s e s  i n t o  
t h e  r e g i o n  o f  co m m erc ia l  a p p l i c a b i l i t y  and o f  s e c u r i n g  
t h e  f i r s t  s u c c e s s  t h e r e i n ;  t h e i r  work f o c u s s e d  t h e
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a t t e n t i o n  of  m e t a l l u r g i s t s  upon t h e  g r e a t  p o s s i b i l i t i e s  
o f  t h e s e  m ethods  • • • and t h i s  w i l l  n o t  be  f o r g o t t e n  
i n  t h e  h i s t o r y  o f  m e t a l l u r g y ’ . E q u a l l y ,  Sulman h i m s e l f  
would  have  b een  p l e a s e d  t h a t  t h e  l e g a c y  from S t a n l e y  
E l m o r e ' s  w i l l  went to w a rd  t h e  s u p p o r t  o f  m e t a l l u r g i c a l  
r e s e a r c h  t o  be p u b l i s h e d  f o r  t h e  b e n e f i t  o f  a l l .
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Ap p e n d ix
The B r i t i s h  p a t e n t s  o f  W i l l i a m .  E r a n k , 
and S t a n l e y  E lm o r e , 1879-1945
The E lm ores  were d i l i g e n t  i n  o b t a i n i n g  p a t e n t  
p r o t e c t i o n  f o r  t h e i r  work and some p a t e n t s  r e c o r d  
o n ly  m inor  a d v a n c e s  i n  t h e  d e ve lop m en t  o f  t h e i r  i d e a s .  
T h ese  a re  l i s t e d  b u t  b r i e f l y  t o  a v o id  u n n e c e s s a r y  
r e p e t i t i o n .  The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d :
WE -  W il l ia m  Elmore
EEE -  E r a n c i s  Edward E lm ore  (Eranlc)
ASE -  A le x a n d e r  S t a n l e y  Elmore  ( S t a n l e y )
JE -  J u l i a  Elmore ( W i l l i a m ' s  s i s t e r )
1879
3 ,56  5 WE The Elmore  dynamo
4,821 V/E Use o f  n i c k e l  a l l o y  f o r  s h i p - b u i l d i n g ,
c l a d d i n g  p l a t e s ,  e t c . ,  and n i c k e l - p l a t i n g  
o f  t a n k s  and c a s t i n g s .
1880
3 ,2 7 4  WE P o l i s h i n g  o f  t i n n e d  or  g a l v a n i s e d  p l a t e s  
(Void  f o r  v/ant o f  f i n a l  s p e c i f i c a t i o n )  
3 ,8 5 2  WE C o o l in g  of  t h e  E lmore  dynamo
4 ,0 9 4  WE E x t r a c t i n g  m e t a l s  from t h e i r  o r e s  by
e l e c t r o l y s i s
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1881
922 JE G a l v a n i s e d  i r o n  m a n u f a c t u r e  by  e l e c t r o l y s i s
2,491 V/E Making t i n  p l a t e  by e l e c t r o l y s i s
3 .7 5 4  V/E P o r t a b l e  t o o l  f o r  e l e c t r o - p l a t i n g  and
an e l e c t r i c  s o l d e r i n g  i r o n
1883
1 .754  PEE E l e c t r o d e s  f o r  e l e c t r o l y s i s
1884
10 ,720  PEE Making p r i n t i n g  and em boss ing  r o l l e r s  
by e l e c t r o - d e p o s i t i o n
1885
800 V/E E l i m i n a t i n g  sodium s u l p h i d e  i m p u r i t y  
from t h e  a l k a l i  s o l u t i o n s  o b t a i n e d  
i n  t h e  L e b la n c  p r o c e s s
1,757 PEE Cores f o r  t h e  e l e c t r o - d e p o s i t i o n  o f  t u b e s
4 ,499  PEE Tanks and a p p a r a t u s  f o r  t h e  e l e c t r o l y t i c  
m a n u f a c tu r e  of  t u b e s
5 ,32 9  PEE An e l e c t r i c a l  a p p a r a t u s  f o r  i n d i c a t i n g  t h e  
d i s t a n c e  t r a v e l l e d  by  a  p a s s e n g e r  i n  a  
v e h i c l e ,  t h e  f a r e  t o  be p a i d ,  and t h e  
s t a t i o n  a t  which  t h e  v e h i c l e  o r  t r a i n  h a s  
s t o p p e d .  A s e p a r a t e  i n d i c a t o r  i s  p r o v i d e d  
f o r  e ac h  s e a t  and a c t i v a t e d  by  a  p a s s e n g e r  
s i t t i n g  and so c o m p l e t i n g  an e l e c t r i c a l  
c i r c u i t •
8 ,7 0 7  PEE An im proved  form o f  c o re  or  m a n d r e l
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10,451 p e e  Making p a n s ,  c y l i n d e r s  and h o l lo w - w a r e  
h y  e l e c t r o - d e p o s i t i o n  
1 1 ,800  PEE Im prov em en ts  on p a t e n t s  n o .  1 , 7 3 7 ,  4 , 4 9 9 ,
8 ,7 0 7  and 10,451 of  1885 
15 ,988  WE The e x t r a c t i o n  of  m e t a l s  from complex 
& ASE s u l p h i d e  o r e s  by  a  c o m b i n a t i o n  of
r o a s t i n g ,  s o l u t i o n  and e l e c t r o l y s i s
1886
9 ,2 1 4  PEE Making p l a t e s  and w i r e  by  e l e c t r o l y s i s
9,811 PEE Im provem en ts  t o  e l e c t r o - p l a t i n g  dynamos 
13 ,658  WE, PEE & ASE R e c o v e r i n g  t i n  from s c r a p  
t i n  p l a t e
15,831 PEE Im provem en ts  i n  e l e c t r o - d e p o s i t i o n  
16 ,668  WE, PEE & ASE O b t a i n i n g  o x id e  of  i r o n  and 
o x id e  of  t i n  from s c r a p  t i n  p l a t e
1887
4 ,0 5 4  PEE E l e c t r o - p l a t i n g  s m a l l  m e t a l  a r t i c l e s  
su ch  a s  p i n s ,  n a i l s  or  shoe t i p s  
14 ,212  ASE E l e c t r o l y s i s  o f  aqu eo us  s o l u t i o n s  f o r  
t h e  p r o d u c t i o n  o f  c h l o r i n e  
16 ,657  PEE Making w i r e s ,  t a p e s  o r  r o d s  by  c u t t i n g  
& ASE a  l o n g  c o n t i n u o u s  s t r i p  from an 
e l e c t r o - d e p o s i t e d  t u b e
1888
11 ,778  ASE Making t u b e s ,  p a n s ,  e t c . ,  by  e l e c t r o ­
d e p o s i t i o n  w i t h  b u r n i s h i n g  by hammering
- 2 5 2 -
12 ,022  PEE Making t u b e s  a t  h i g h  t e m p e r a t u r e  t o  
& ASE im prove  t h e i r  r e s i s t a n c e  t o  h e a t  
1 2 ,2 6 4  PEE C o a t in g  m a n d r e l s  w i t h  l e a d  a l l o y  and 
& ASE m a c h in in g  t r u e
1889
2 ,6 1 8  ASE Im provem en ts  i n  m aking  t u b e s  and t h e  
m ethods  of  b u r n i s h i n g  
4 ,4 4 8  PEE E l e c t r i c  lamps
11,056 ASE Im provem ents  i n  making  t u b e s  
17,205 ASE R e f i n i n g  z i n c  from s o l u t i o n  by  means 
o f  e l e c t r o l y s i s
1890
7,932 PEE C o a t in g  m a n d r e l s  w i t h  p a r a f f i n  o r  a 
f u s i b l e  a l l o y ;  b u r n i s h i n g  by  r o l l e r s
14,513 V/E Making b a s i c  c a r b o n a t e  of  l e a d  f o r  u se  
e t c ,  a s  w h i t e  l e a d  p ig m e n t  
14,625 ASE B u r n i s h i n g  r o l l e r s  o f  a g a t e ;  fo r m in g  
s e p a r a t e  l a y e r s  of  m e t a l  on a  s i n g l e  
m a n d r e l
16,467 PEE Im provem en ts  i n  making t u b e s  
18 ,799  WE e t c .  W hite  l e a d
18,896 ASE P l a t i n g  b a t h  and b u r n i s h i n g  r o l l e r s  
19,323 WE e t c .  White  l e a d
19 ,784  V/E e t c .  White  l e a d
1891
5,501 WE e t c .  White  l e a d
- 2 5 5 -
5 ,1 6 7  PEE E x p o s in g  m a n d r e l s  t o  a  s u l p h i d e  s o l u t i o n  
& ASE t o  p r e v e n t  a d h e s i o n  o f  a  d e p o s i t ;  t h e  
use  o f  co m p re sse d  a i r  t o  ex pand  t h e  
m a n d r e l  and so f r e e  t u b e
9 ,0 2 5  WE e t c .  M a n u f a c tu re  o f  n i t r o u s  o x id e  by  t h e  
d ry  d i s t i l l a t i o n  of  a  m i x t u r e  o f  sodium 
or p o t a s s i u m  n i t r a t e  and ammonium 
s u l p h a t e  a t  a  t e m p e r a t u r e  be low  250^0
12,296 ASE Im provem en ts  i n  making t u b e s
15 ,492  PEE The p r o p u l s i o n  of  v e h i c l e s  by  e l e c t r i c i t y .
I r o n  b a r s  a r e  l a i d  b e tw e e n  t h e  r a i l s  o f  a  
r a i l w a y  and m a g n e t i z e d  by i n d u c t i o n  from 
an e l e c t r o - m a g n e t  on t h e  v e h i c l e .  T h i s  
c a r r i e d  f u r t h e r  e l e c t r o m a g n e t s  which  a r e  
e n e r g i s e d  by c u r r e n t s  r e v e r s e d  by a  
commutator  t i m e d  t o  s u i t  t h e  sp e e d  o f  t h e  
v e h i c l e .  The a t t r a c t i o n  b e tw e e n  t h e s e  
m ag n e ts  and t h e  b a r s  p r o p e l s  t h e  v e h i c l e .
17,651 ASE Im provem ents  i n  making t u b e s
1892
6 ,406  PEE & ASE M a g n e t ic  a p p a r a t u s
15.541 PEE A p p a r a tu s  f o r  making c o n t i n u o u s  l e n g t h s
of  t u b e
15.542  PEE Tanks f o r  e l e c t r o l y s i s  w i t h  i n n e r  and 
& ASE o u t e r  c a s e s  o f  wood w i t h  b i t u m i n o u s
m a t e r i a l  p o u re d  be tv /een  a s  a  s e a l a n t .
15 ,698  PEE & ASE T r e a tm e n t  o f  m a n d r e l s  f o r  t u b e s
- 2 5 4 -
1 6 ,5 1 4  PEE Copper or gun m e t a l  c a s t i n g s  f o r  s h a f t s ,  
& ASE p l u n g e r s ,  r o l l e r s  and t h e  l i k e  
16 ,5 70  PEE P r o p u l s i o n  of  v e h i c l e s  hy e l e c t r i c i t y .
Improvem ents  u s i n g  t o o t h e d  i n s t e a d  of 
p l a i n  i r o n  b a r s  b e tw e e n  t h e  r a i l s .
17 ,895  PEE Improvem ents  i n  m aking  t u b e s
1893
1 3 ,995  PEE Im provements  i n  making  t u b e s
16 ,330  PEE Using e l e c t r o m a g n e t s  t o  r e l i e v e  w e ig h t
from s h a f t  b e a r i n g s .  The m ag n e ts  a r e  
f i t t e d  above t h e  b e a r i n g s  f o r  r e l i e v e  
t h e  w e ig h t  by  a t t r a c t i o n  of  t h e  s h a f t .
1894
8 ,1 1 5  PEE Im provements  i n  m aking  t u b e s
1895
1 ,788  PEE Im provements  i n  making  t u b e s
2 0 ,048  PEE An e l e c t r i c a l l y  d r i v e n  pump
2 0 ,1 4 7  PEE Im provements  i n  making t u b e s
2 1 ,2 8 3  PEE Using  a  f lo w  o f  e l e c t r o l y t e  t o  sp e e d
e l e c t r o - d e p o s i t i o n
1896
3 ,6 2 8  PEE' Dynamo b r u s h
5 ,673  ASE R e f i n i n g  m e t a l s  by e l e c t r o l y s i s
7 ,2 22  ASE The r a p i d  and c o n t i n u o u s  m aking  of  t u b e s
of  c o m p a r a t i v e l y  s m a l l  d i a m e t e r  
2 1 ,0 0 9  PEE Im provements  i n  dynamos f o r  e l e c t r o l y s i s
- 2 5 5 -
2 6 .2 5 4  ASE Making f l e x i b l e  c o r r u g a t e d  t u b e s  by means
of  a  d i e  w h ich  f i t s  i n s i d e  and o u t s i d e  
t h e  p i p e ,  i n t o  w h ich  f l u i d  i s  f o r c e d  
t o  form t h e  c o r r u g a t i o n .
26.255 EEE S i m i l a r  t o  n o .  2 6 ,2 5 4 ,  b u t  u s i n g  t h e
p r e s s u r e  of  many s m a l l  b a l l s  i n  p l a c e  o f  
t h e  h y d r a u l i c  f l u i d .  The i n t e r i o r  o f  a  
t u b e  may be smoothed by  f o r c i n g  a  b a l l  
up i n s i d e  u n d e r  t h e  p r e s s u r e  o f  s m a l l e r  
b a l l s  and a p i s t o n .
1897
26,067 EEE A p p a ra tu s  f o r  e l e c t r o l y s i s
26,543 EEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
29,048 EEE & ASE E l e c t r o l y t i c  d e p o s i t i o n  o f  i r o n
1898
1 2 ,7 5 4  EEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
2 1 ,948  FEE S e p a r a t i n g  m e t a l l i c  from r o c k y  c o n s t i t u e n t s  
of  o r e s  by  means o f  o i l .  The b a s i c  E lmore  
o i l  c o n c e n t r a t i o n  p a t e n t .
1899
6 ,3 5 3  FEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
1900
260 FEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
- 2 5 6 -
1 7 ,3 1 0  EEE Im provem en ts  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
22 ,9 68  EEE & W a l t e r  McDermott
A v a n n i n g  m ach ine  f o r  o re  c o n c e n t r a t i o n  
w h ich  h a s  two t r a v e l l i n g  b e l t s  w i t h  t h e  
d r i v e  mechanism mounted  b e tw e e n  them
1901
6 ,0 7 0  EEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y  
f o r  e l e c t r o l y s i s
6 ,5 1 9  ASE The u se  of  a c i d  i n  t h e  o i l  c o n c e n t r a t i o n  
p r o c e s s .  The Elmore  a c i d  p a t e n t .
15 ,526 ASE A p p a r a tu s  f o r  o i l  c o n c e n t r a t i o n  c o n s i s t i n g  
o f  a  s t e p p e d  t r o u g h ,  a  s c r a p e r  and r o t a r y  
s e i v e s
25 ,282  EEE Im provem ents  i n  e l e c t r o l y s i s
2 6 ,673  EEE A u n i p o l a r  dynamo c o n n e c t e d  d i r e c t l y  t o  
t h e  e l e c t r o d e s  of  an e l e c t r o l y t i c  c e l l  
which  can  be u se d  f o r  t h e  d e p o s i t i o n  
o f  co pp er
1902
2 4 ,3 3 0  EEE The combined u n i p o l a r  dynamo and  e l e c t r o ­
l y t i c  a p p a r a t u s  d e s c r i b e d  i n  n o .  2 6 ,6 7 3  o f  
1901 a d a p t e d  f o r  t h e  p r o d u c t i o n  o f  sodium 
h y d r a t e  and c h l o r i n e  by t h e  e l e c t r o l y s i s  
o f  b r i n e
- 2 5 7 -
1905
184 ASE Im proved  a p p a r a t u s  f o r  o i l  c o n c e n t r a t i o n .
A l l  open v e s s e l s  a r e  s e a l e d  by a  s u r f a c e  
l a y e r  d f  o i l  t o  p r e v e n t  l o s s e s  due t o  t h e  
o x i d a t i o n  of  m i n e r a l  p a r t i c l e s .  R e c o v e r y  
o f  o i l  was by means o f  c e n t r i f u g a l  
s e p a r a t i o n  or by h e a t i n g  and a  f i l t e r  
p r e s s ,  i n  w hich  c a s e  t h e  o i l  h a d  t o  
be c o o l e d  b e f o r e  f u r t h e r  u s e .
1 ,417  EEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y
f o r  e l e c t r o l y s i s .  U n i p o l a r  dynamos.
22 ,4 7 5  EEE Im provem ents  i n  g e n e r a t i n g  e l e c t r i c i t y
f o r  e l e c t r o l y s i s .  U n i p o l a r  dynamos.
1904
15 ,578  EEE S e p a r a t i n g  m i n e r a l s  from w a s t e  by  means o f
g a s  b u b b l e s  p ro d u c e d  t h r o u g h  e l e c t r o l y s i s .  
No o i l  was u s e d .
15,692 EEE Im provem en ts  t o  dynamo b r u s h e s  f o r
c u r r e n t  c o l l e c t i o n
17,816  EEE E l o t a t i o n  of  m i n e r a l  by  means o f  a  s m a l l
amount o f  o i l  and t h e  g a s  b u b b l e s  l i b e r a t e d  
from t h e  m i l l i n g  w a t e r  u n d e r  a  vacuum or 
p a r t i a l  vacuum, and s u i t a b l e  a p p a r a t u s  
t h e r e f o r e .  The i n i t i a l  p a t e n t  f o r  t h e  
Elmore vacuum p r o c e s s .
19 ,269  ASE E x t r a c t i n g  g o l d  by t h e  use  of  a  c h l o r i d e
s o l u t i o n
- 2 5 8 -
2 9 ,282  EEE Im provem ents  i n  a p p a r a t u s  f o r  t h e  Elmore 
vacuum p r o c e s s
1905
5,953 ASE Use o f  a  s o l u t i o n  of  one or  more c h l o r i d e s  
i n  v / a t e r ,  o r  h y d r o c h l o r i c  a c i d ,  f o r  
c o n c e n t r a t i n g  p a r t i c l e s  o f  f i n e l y  d i v i d e d  
o r e s  or  t a i l i n g s .  E o r  t e s t i n g  z i n c i f e r o u s  
l e a d  o r e s ,  c a l c iu m  c h l o r i d e  d i s s o l v e d  i n  
h y d r o c h l o r i c  a c i d  may be u s e d .
14 ,068  ASE Use o f  c h l o r i d e s  i n  e x t r a c t i n g  g o l d
22 ,933  ASE Im provem ents  i n  t h e  u s e  of  c h l o r i d e  
s o l u t i o n s
1906
14,186 EEE Im provem ents  i n  s e p a r a t i n g  c o n s t i t u e n t s  
o f  f i n e l y  d i v i d e d  m a t e r i a l
21 ,095  EEE Im provem ents  i n  pumps f o r  r a i s i n g  l i q u i d s
21 ,947  EEE T h ic k e n i n g  o re  p u lp
1 907
1 1 ,154  ASE Im provem ents  i n  s e p a r a t i n g  m i n e r a l s  by 
use  o f  c h l o r i d e  s o l u t i o n s
26,821 EEE & ASE S e p a r a t i n g  s o l i d s  from l i q u i d s
1909
26,351 ASE D r i v i n g  o re  c r u s h i n g  s tam ps
1910
14,382 ASE Im provem en ts  i n  t h e  u se  of  c h l o r i d e  
s o l u t i o n s
- 2 5 9 -
1917
127,641 EEE S e p a r a t i o n  o f  l e a d  and z i n c  s u l p h i d e s  hy 
t h e  u se  of  h y d r o c h l o r i c  a c i d ,  s u l p h u r i c  
a c i d  and c h l o r i d e  s a l t s .  The l e a d  i s  
r e c o v e r e d  a s  l e a d  s u l p h a t e  w h i l e  t h e  z i n c  
i s  u n e f f e c t e d ,  t h e  l e a d  s u l p h a t e  b e i n g  
s o l u b l e  i n  w a t e r  o r  b r i n e  w h i l e  t h e  
z i n c  s u l p h i d e  i s  n o t .
1918
129 ,773  EEE R e g e n e r a t i o n  o f  b r i n e  u s e d  f o r  w a sh in g
i n  t h e  p r o c e s s  d e s c r i b e d  i n  n o .  127 ,641#  
Sodium s u l p h a t e  c o n ta m i n a n t  i s  removed 
by c o o l i n g  t o  a b o u t  O^E, when t h e  l e a d  
s a l t s  and sodium s u l p h a t e  s e t t l e  o u t .
131 ,353  EEE Im provem ents  t o  n o .  127,641 whereby  t h e  
l e a d - z i n c  o re  i s  f i r s t  t r e a t e d  w i t h  
h y d r o c h l o r i c  a c i d  t o  p r o d u c e  l e a d  
c h l o r i d e .  T h i s  i s  r e c o v e r e d  by  w a sh in g  
w i t h  h o t  w a t e r  or  b r i n e  and s u b s e q u e n t l y  
t r e a t e d  w i t h  s u l p h u r i c  a c i d  t o  g i v e  l e a d  
s u l p h a t e  and r e c o v e r  t h e  h y d r o c h l o r i c  
a c i d .
1919
151 ,698  EEE Im provem ents  t o  n o .  127,641 whereby
p r e l i m i n a r y  r o a s t i n g  i s  u se d  t o  i n c r e a s e  
t h e  s o l u b i l i t y  o f  t h e  s i l v e r  c o n t e n t  o f  
a  l e a d - z i n c  o re  b e f o r e  t r e a t m e n t  w i t h  
c h l o r i d e  s o l u t i o n s .
—260—
162,026 EEE Im provem ents  t o  l e a c h i n g  hy  u se  of
c h l o r i d e  s o l u t i o n s .  S e p a r a t i o n  of  s i l v e r  
and l e a d  from l e a d - z i n c  s u l p h i d e s .
1921
181,239  EEE The a c i d - h r i n e  p r o c e s s  o f  n o .  127,641 i s  
a p p l i e d  t o  t h e  e x t r a c t i o n  of  l e a d ,  co p p er  
and z in c  from p u l v e r i s e d  m a t t e
184,628 EEE Improvem ents  t o  n o .  131 ,698  w hereby
s i l v e r  r e c o v e r y  i s  i n c r e a s e d  by  rem ov ing  
s u l p h u r e t t e d  h y d r o g e n  when t h e  l e a d  i s  
n e a r l y  a l l  e x t r a c t e d  and c o n t i n u i n g  t h e  
d i g e s t i o n  w i t h  f r e s h  b r i n e .  The s u l p h u r ­
e t t e d  h y d r o g e n  i s  removed by  a d d in g  
s u l p h u r  d i o x i d e ,  w hich  may be t h a t  
e v o lv e d  d u r i n g  t h e  p r e l i m i n a r y  r o a s t i n g .
187,313 EEE O b ta in i n g  m e t a l l i c  l e a d  from c h e m i c a l l y  
p ro d u c e d  l e a d  s u l p h a t e  such  a s  t h a t  from 
t h e  a c i d - b r i n e  p r o c e s s .  The l e a d  s u l p h a t e  
i s  mixed w i t h  f i n e l y  d i v i d e d  c a r b o n  and 
h e a t e d  i n  t h e  a b se n c e  of  o x i d i z i n g  
g a s e s  t o  g i v e  m o l t e n  l e a d .
1922
212,355 EEE Tanlcs f o r  u se  i n  c h e m ic a l  and 
m e t a l l u r g i c a l  p r o c e s s e s
1926
275,778 EEE Im provem ents  i n  t h e  u se  of c h l o r i d e  
s o l u t i o n s
- 2 6 1 -
1929
3 29 ,1 5 9  EEE R e d u c t i o n  of  t i n  and o t h e r  m e t a l s  from 
t h e i r  s a l t s  hy  b u b b l i n g  h y d r o g e n ,  or  
s team  and h y d r o g e n ,  t h r o u g h  a  m o l t e n  
b a t h  o f  t h e  compound t o  be r e d u c e d .
1937
4 94 ,1 90  ASE S e p a r a t i o n  o f  m a t e r i a l s  by f l o t a t i o n  
1945
602 .2 45  ASE and E lm ore  & Co. (The S t a n l e y  E lmore  Co .)
The e l e c t r o l y t i c  r e c o v e r y  of  t i n  from 
s c r a p  t i n  p l a t e
602 .246  ASE and E lm ore  & Co.
E l e c t r o l y t i c  d e p o s i t i o n  of  m e t a l s
- 2 6 2
R e f e r e n c e s
The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u se d :
E 8z MJ E n g i n e e r i n g  & M ining  J o u r n a l  (New York)
M & SP M ining  & S c i e n t i f i c  P r e s s  (San F r a n s i s c o )
T ra n s  IMM T r a n s a c t i o n s  of  t h e  I n s t i t u t i o n  of  
M in ing  and M e t a l l u r gy (London)
RPC R e p o r t s  o f  P a t e n t ,  D e s ig n  and T rad em ark
Gases (The P a t e n t  O f f i c e ,  London)
DNB D i c t i o n a r y  o f  N a t i o n a l  B i o g r a p h y  ( O x f o r d )
BHP 50 F i f t y  Y e a r s  o f  I n d u s t r y  and E n t e r p r i s e
18 8 5 - 1 9 3 5 . B roken  H i l l  P r o p r i e t a r y  Co. 
(M e lb o u rn e , 1935)
E lm ore ,  N o t e s . .  A. S t a n l e y  E lm o re ,  N o te s  on t h e
I n v e n t i o n ,  D evelopm ent  and I n t r o d u c t i o n  
o f  t h e  F l o t a t i o n  P r o c e s s (L ondon , 1916) 
R e p r i n t e d  by  t h e  Ore C o n c e n t r a t i o n  
S y n d i c a t e  from t h e  M & SP of  
23 S ep tem ber  1916
PRO P u b l i c  R e c o r d  O f f i c e ,  London.  The f i l e s
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